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HydroDIURIL 
(Hydrochlorothiazide | MSD) 


PN 


can be given 
once daily 
. in hypertension 





efficacy 

Of those hypertensive patients who may be controlled 
by HydroDIURIL, as little as 50 mg daily may be 
adequate for some. In others, 100 mg a day may be 
required for satisfactory blood pressure control. A few 
patients may require 200 mg daily in divided doses. 


convenience 


Single daily doses may represent a useful prescribing 
option, and the availability of HydroDIURIL in 50- and 
100-mg tablet strengths makes the option even more 
useful. Once-daily therapy often represents greater con- 
venience and fosters better compliance. (See Addendum 
at right for more dosage details.) 


certain therapeutic 
limitations 


Contraindications include anuria and hypersensitivity to 
hydrochlorothiazide or other sulfonamide-derived drugs. 
Use with caution in patients with severe renal disease, 
impaired hepatic function, or progressive liver disease. 
Lithium generally should not be given with diuretics 
_ because they reduce its renal clearance and add a high 
_ tisk of lithium toxicity. Read circulars for lithium prepara- 
‘tions before use of such concomitant therapy. 





Recommended 

Dosage of 

HydroDIURIL 
(Hydrochlorothiazide, MSD) 
in Hypertension 


Starting Dosage 

The usual adult starting dose is 
50 mg or 100 mg as a single or 
divided dose. For many 
patients, the 50- or 100-mg 
tablets allow once-daily ad- 
ministration for convenience. 


Adjusting Dosage 

Dosage is increased or de- 
creased according to the blood 
pressure response of the 
patient. 


Maximum Dosage 

Some patients may require up 
to 200 mg daily in divided 
doses. These patients may also 
benefit from the convenience 
of the 100-mg tablet. 


Use with Other 
Antihypertensive 

Agents 

HydroDIURIL often enhances 
the effect of other antihyper- 
tensive agents. Careful ob- 
servation for changes in blood 
pressure must be made when 
this compound is used with ° 
other antihypertensive drugs, 
especially during initial therapy. 
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TABLETS: 25 mg, 50 mg, and 100 mg 


HydroDIURIL 
(Hydrochlorothiazide | MSD) 





MSD 
SHARA For a brief summary of prescribing information, 
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MES. ntraindications: Anuria; hypersensitivity 
«tog pu or other sulfonamide-derived drugs; 
-Kgutine use in an otherwise healthy pregnant 

n with or without mild edema. 
arnings: Use with caution in severe renal 
La sease “since thiazides may precipitate 
 agoten nia. Cumulative effects may develop in 
tients. with impaired renal function. Use with 
ition in patients with impaired hepatic func- 
mo To 1 or progressive liver disease, since minor 
alterations of fluid and electrolyte balance may 
recipitate hepatic corma. May add to or poten- 
ie i ate. action of other antihypertensive drugs: 
n potentiation occurs with ganglionic or 
on eripheral adrenergic blocking drugs. Sen- 
MN ivity reactions may occur in patients with or 
"without a history of allergy or bronchial 
Ima. Possibility of exacerbation or activa- 7 
W of systemic lupus erythematosus has been reported. Lithium generally 


<a $6 "such concomitant therapy. 


2 jn pregnancy: Thiazides cross placental barrier and appear in cord blood; 

S pene or in women of childbearing potential, weigh anticipated benefit 
nst possible hazards, including fetal or neonatal jaundice, throm- 

; openia, and possibly other adverse reactions that have occurred in adults. 


: sing. mathers: Thiazides appear in breast milk; if use of drug is deemed es- 
tial, patient should stop nursing. : 


autions: Perform periodic determination of serum electrolytes to detect possi- 
; lectrolyte imbalance. Observe all patients for clinical signs of fluid or electrolyte 
lance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 
rine electrolyte determinations are particularly important when patient is vomit- 
'essively or receiving parenteral fluids. Medication such as digitalis may also in- 
ce serum electrolytes. Warning signs, irrespective of cause, are dryness of mouth, 
„weakness, lethargy, drowsiness, restlessness, muscle pains or cramps, muscu- 
fatigue, hypotension, oliguria, tachycardia, and gastrointestinal disturbances such 
j nausea and vomiting. Hypokalemia may develop, especially with brisk diuresis, in 
| e cirrhosis, with concomitant corticosteroid or ACTH therapy, or with inadequate 
0 dime intake, Hypokalemia can sensitize or exaggerate response of heart to 
tOxic effects of digitalis (e.g. increased ventricular irritability). Hypokalemia may be 
forded or treated by use of potassium supplements, such as foods with a nigh 

t [d content. Any chloride deficit is generally mild and usually does not require 
a cific treatment except under extraordinary circumstances (as in liver disease or 
nal disease). Dilutional hyponatremia may occur in edematous patients in hot 
à veather appropriate therapy is water restriction, rather than administration of salt ex- 
, ce op in rare. instances when the hyponatremia is. life REM In actual salt deple- 
; 7. don . appropriate replacement is the. therapy sapo odi P 
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1 ign . In hypertension 
—..... HydroDIURIL. 
t... (Hydróchlorothiezide | MSD) 


Insulin requirements in diabetic patients may - 
be increased, decreased, or unchanged; latent - 
diabetes mellitus may become manifest. 
Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the 
drug may be enhanced in postsympathectomy 
patients. May decrease arterial responsiveness 
to norepinephrine; this diminution is not suffi- 
cient to preclude effectiveness of the pressor 
agent for therapeutic use. If progressive renal 
impairment becomes evident, consider with- 
holding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels with- 
out signs of thyroid disturbance. Calcium ex- 
cretion is decreased by thiazides. Patho- 
logical changes in the parathyroid gland with 
hypercalcemia and hypophosphatemia have 
been observed in a few patients on pro- 
longed therapy: Mai should be discontinued before testing for parathyroid 
function. 

Adverse Reactions: Gastrointestinal System— Anorexia; gastric irritation; 
nausea; vomiting; cramping; diarrhea; constipation; jaundice (intrahepatic 
cholestatic jaundice); pancreatitis; sialadenitis. 

Central Nervous System —Dizziness; vertigo; paresthesias; headache; xanthopsia. 
Hematologic — Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia. 
Cardiovascular— Orthostatic hypotension (may be aggravated by alcohol, bar- 
biturates, or narcotics). 

Hypersensitivity— Purpura; photosensitivity; rash: urticaria; necrotizing 
angiitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress including 
pneumonitis; anaphylactic reactions. 

Other— Hyperglycemia: glycosuria; hyperuricemia; noo spasm; weakness; 
restlessness: transient blurred vision. vid 
Whenever adverse reactions are moderate or severe, Wa dosage Should be 
reduced or therapy withdrawn. 


Note: When used with other antihypertensive drugs, careful obgeniationstor Monges 


in blood pressure must be made, especially during initial therapy. Dosage of other anti- 
hypertensive agents must be reduced by at least 50 percent as soon as this drug is 
added to the regimen. As blood pressure falls under the potentiating effect of this 
agent, further reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide 
each in bottles of 100 and 1000 and single-unit packages of 100; Lo 
Tablets containing 50 mg hydrochlorothiazide each in bottles of. — 29 
100, 1000, and 5000 and single-unit packages of 100: Tablets - AC 
containing 100 mg hydrochlorothiazide each in bottles of 100. € 
For more detailed information, consult your MeD, repre- ind d 
sentative or see full prescribing information. Merck 
Sterr & l i PNIS Ao. INC., Wes Point, - 
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BY HONEYWELL 


More than a new 
look, its a whole 
new approach to 


diagnostic 


systems. 


Honeywell engineers took a true 


systenis approach to 


physiological 


data systems and added state-of-the- 


art microcomputer technology. The 
result: MEDDARS —an easier, faster, 


better way to acquire, 


and record data. 


display, analyze 


A combination of capabilities 
found in no other system. 


MEDDARS does more 


than display six 
channels of data on: 


bright, nonfade scop 


It lets vou manipulate | ecu 


data—see and recore 


in a variety of user- 


constructed formats. 
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to fit vour applica- 
tions. Combination 
strip chart recorder 
and page printer 
records all data 
exactly as dis- 
played, including 
alphanumeries 

and loops, O1 


Z-fold paper. 
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Interchangeable 


signal conditioning 


modules permit 
vou to alter system 
configuration 
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New user convenience 
plus simplified maintenance 


Features color-coded pushbutton 
controls with lighted indicators labelcd 
in familiar medical terms. Built-in 
automatic calibration and system set- 
up with single kevstroke procedural 
programming. Reliable maintenance 
through modular construction and 
rcpair-exchange field service. 

And backed bv the largest independent 
service organization in the health 

care field. 


And that’s only the beginning. 


Discover what expandable, 
upgradeable MEDDARS can mean to 
vou. Write or call Stan Edwards, 
Honeywell Physiological Data Systems, 
Box 5227, Denver. CO 80217 

(303) 771-4700. 


Honeywell 
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Lu Capsules, 
A E rl an erene SK&F CO. 50 mg. and 100 mg. 


TO FUROSEMIDE 


y WHEN CONSERVATION OF 
1 POTASSIUM BALANCE IS DESIRED 


"Dyrenium' helps the patient retain essential potassium stores 
even during the first critical days of vigorous therapy with 
potent diuretics and digitalis. 
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When used with another diuretic, ‘Dyrenium’ has an additive 
effect, so initial dosage of both agents should usually be 

“4 reduced; careful supervision and dosage adjustment are 
required. K* supplements should not be given unless 
dosage adjustment fails to reduce excessive K ' loss, hypo- 
kalemia develops, or dietary K * intake is markedly reduced. 
Hyperkalemia can occur, but it is rare in patients with normal 
renal function. Serum K * and BUN should be checked 
periodically, particularly in elderly patients, diabetics, or 
those with suspected or confirmed renal insufficiency. 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary for 'Dyrenium'. 


* Indications: Edema associated with congestive heart failure, cirrhosis and 
nephrotic syndrome; steroid-induced edema, idiopathic edema, edema due to 
secondary hyperaldosteronism, to increase diuresis in patients resistant 
to other diuretics alone. 


Contraindications: Severe or progressive kidney disease or dysfunction 
(possible exception. nephrosis). Severe hepatic disease. Pre-existing elevated 
Serum potassium. Hypersensitivity to the drug. Continued use in developing 
hyperkalemia. Do not give potassium supplements. either by drug or by diet 


Warnings: Observe regularly for possible blood dyscrasias, liver damage or 
other idiosyncratic reactions. Blood dyscrasias have been reported. Check 
BUN and serum potassium periodically, especially in the elderly, diabetics, 
and those with suspected or confirmed renal insufficiency. Use in pregnancy 
only when essential to patient welfare 


Dyrenium (triamterene, SK&F Co.) and spironolactone are not usually used 
concurrently; if they are, however, frequent serum potassium determinations 





: are required. 

precautions: if hyperkalemia develops, withdraw the drug. The following may 

also occur electrolyte imbalance. low-salt syndrome (with low salt intake). 
reversible mild nitrogen retention, decreasing alkali reserve with possible 
metabolic acidosis. Do periodic nematologic Studies in cirrhotics with. spleno- 

I megaly. Concomitant use with antihypertensive. drugs may result in an additive 

1 hypotensive effect. When ‘Dyrenium’ is to be discontinued after intensive or 
prolonged therapy. withdraw gradually because of possible rebound kaliuresis. 


` Adverse Reactions: Diarrhea, nausea and vomiting (may indicate electrolyte 
j imbalance). other gastrointestinal! disturbances. weakness. headache, dry SiGe CO 
) mouth, anaphylaxis, photosensitivity, elevated uric acid, rash w 
Note: When combined with another diuretic, the initial dosage of each agent 
should be lower than recommended Carolina, P.R. 00630 
Supplied: 50 and 100 mg. capsules, in bottles of 100 and in Single Unit Subsidiary of SmithKline 
Packages of 100 (intended for institutional use only). Corporation 
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The patient with 
cardiac arrhythmia 
may need 
medication most 
when he's 

least likely to take it... 


while he's sleeping. 


Quinaglute" Dura-Tabs* (quinidine gluconate) 


WOTONGROPEPMCYSW: 

















Ed produces sustained serum quinidine levels, thus 
providing a convenient 8 or 12 hour dosage schedule 
e usually insures uninterrupted therapeutic quinidine 
‘gluconate levels during sleep 

* avoids peaks and vallevs in plasma levels during 


Ow hich time the arr hy thmias mav recur 


e maintains normal sinus rhvthm following conversion 
by other techniques 


* e well tolerated to enhance patient cooperation — 


few G.I. disturbances 


Quin 















lute Dura-labs 


y (quinidine gluconate) ; gr. (033 Gm.) 
! to help maintain the patient 
all through the night 
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Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
with partial A-V or complete heart block, or intraventricular conduction 
defects, especially those exhibiting a marked grade of QRS widening; 
in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 
beats, ventricular tachycardia or flutter while on the drug. It may be 
contraindicated in certain patients who have marked cardiac enlarge- 
ment, particularly with congestive failure, poor renal function, and 
especially renal tubular acidosis. 

Precautions: The precautions to be observed include all those applicable 
to quinidine. A preliminary test dose of a single tablet of quinidine 
sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 
should constantly be considered; especially during the first weeks of 
therapy. 

Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment, Extreme caution 
should be exercised in using the drug in patients with severe heart 
disease and congestive heart failure, with digitalis intoxication, or renal 
insufficiency. It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, electrocardio- 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
when large doses are used, or with patients who present an increased 
risk. 

As with all quinidine preparations, the titrating of the exact quinidine 
dosage will vary with each individual patient. With the dosage regimen 
of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
every 12 hours, the blood levels may be too low to maintain normal 
sinus rhythm. 

As with other quinidine products, Quinaglute Dura-Tabs should not 

be used during pregnancy. 
Adverse Reactions: The patient should be advised to report immediately 
to the physician any symptoms of cinchonism (including tinnitus, de- 
creased auditory acuity, vertigo, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, reduced 
visual fields, mydriasis and respiratory distress). 

Where such symptoms develop, or if evidence of hypotension appears, 
the drug should be discontinued. Gastrointestinal disturbances have only 
rarely been reported. If they occur, they may be minimized by admin- 
istering the drug with food. If they persist, dosage should be decreased. 
Dosage: For the prevention of premature atrial, nodal or ventricular con- 
tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

Before prescribing or administering, please refer to QUINAGLUTE full 
product information. 


CGOPCSMavoratories, Inc. 
Wayne, New Jersey 07470 
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Charles E. Rackley 


Diabetic Treatment and Primary Ventricular Fibrillation in neu 
Myocardial Infarction. Edgar Lichstein, Leslie A. Kuhn, Emanu 
Goldberg, Michael N. Mulvihill, Harry Smith, Jr. and Thomas; 

Chalmers ; 
influence of Dobutamine on Hemodynamics and Coronary Bloc 
Flow in Patients With and Without Coronary Artery Disease. 
L. Meyer, George C. Curry, Michael S. Donsky, Donald B. T ie 
Robert W. Parkey and James T. Willerson } 


CASE REPORTS 

Mitral Valve Malformation of Ebstein Type in Absence of 
Transposition. David G. Ruschhaupt, Saroja Bharati and | 
Lev Y 
Surgical Correction of Truncus Arteriosus in Infancy. Henry Sullive 
Rabi Sulayman, Robert Replogle and Rene A. Arcilla p: 
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EDITORIALS > 
Computer Analysis of Echocardiograms. Harvey regerbad 








Antiarrhythmic Drugs: Changing Concepts. Joel Kuperemius 





SPECIAL DEPARTMENTS E 
Letters to the Editor as 


Myocardial Contractility and Isovolumic Power and Rate of Chan 
of Power—Moreno and Stein et al. 





Pacemaker Triggering (Inhibition) by Electric Toothbrush— 
et al. ; 





Permanent Cardiac Pacing—1 and II—Laforet, Varriale and ^ 
and Parsonnet 


Medicolegal Implications of Pacemakers—Smyth and Dreifus 


Medical Versus Surgical Therapy in Left Anterior Descending Cc 
onary Artery Disease—1 and lI—Marsa, Kouchoukos et als al 
Mathur Y. 


Heart Volume and Ischemic Heart Disease: Epidemiologic Consi 
erations—Groustra and Herman and Tibblin et al. d 


Diagnosis of Left Anterior Hemiblock—Horwitz and Yano et al. 
A Misplaced Pearl?—Hess and Ronan . 


Variant Angina —1 and II—MacAlpin, Gorodezky and Shubrooks 
al. | 


Sex Differences in Stress Testing—l, Il and IlI—Raza, Turner a 
Sketch : 
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When choosing a 
diuretic for 
day-in-day-out 
hyp ertension control 
with comfortable 
compliance... 














The problem of maintaining antihypertensive control 
rises anew with each dawn. 


That is why the agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectiveness, (2) patient comfort and compliance. 


Zaroxolyn offers both. 


In one long-term study! Zaroxolyn brought moderately 
elevated (average 161/109 mm Hg) blood pressure 
down to the range of normotension—and held it there 
for a year or more. 


The investigator noted, "Patient cooperation was 
surprisingly good for a study of such duration 

[2% years]. The once-daily dosage schedule with 
metolazone [Zaroxolyn] no doubt contributed to patient 
compliance” 


And overall patient compliance with Zaroxolyn is 
good— very good. An analysis of controlled clinical 
studies involving 188 Zaroxolyn patients showed that 
only eight discontinued therapy because of side effects. 
That’s a discontinuation rate of only 4.3%. Broader 
clinical experience appears to substantiate this low rate 
of discontinuance? 


Zaroxolyn. For long-term control and comfortable 
compliance in mild to moderate essential hypertension. 





BAIXO meoazone Pennwalt) 


2Ve-mg, 5-mg and 10-mg tablets 


once-daily antihypertensive-diuretic 


Please see next page for prescribing information. 
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Prescribing Information 
INDICATIONS: ZAROXOLYN (Metolazone) is indicated 
i or the treatment of edema accompanying congestive 
"heart failure and renal disease, and to reduce blood 
r essure in the management of mild to moderate 
"essential hypertension. 

-CONTRAINDICATIONS: Anuria, Hepatic coma or 

. pre-coma; Allergy or hypersensitivity to ZAROXOLYN. 
The routine use of diuretics in an otherwise healthy 

» pregnant woman, with or without mild edema, is 

€ ontraindicated and possibly hazardous. 


“WARNINGS: While not reported to date, cross- 
"allergy theoretically may occur when ZAROXOLYN is 
given to patients known to be allergic to sulfonamide- 
-derived drugs, thiazides, or quinethazone. 
Hypokalemia may occur, with consequent weakness, 


B 

















Y a) 
cramps, and cardiac dysrhythmias. It is a particular 
‘hazard in digitalized patients; dangerous or fatal 

~ arrhythmias may be precipitated. 

— #otemia and hyperuricemia may be noted or 

- precipitated during the administration of ZAROXOLYN. 
ir requently, gouty attacks have been reported in persons 
- With history ot gout. Discontinue ZAROXOLYN if azotemia 
E id oliguria worsen during treatment of patients 

with severe renal disease. 

7». Presently, ZAROXOLYN is not recommended for 
bediatric patients. 

~ ZAROXOLYN will, on occasion, exhibit considerable 
‘potentiation when administered concurrently with 
furosemide. Excessive, massive volume and electrolyte 
"depletion may result. Exert care, especially during 
initial therapy, when using ZAROXOLYN with other 

| antihyperten sives. Dosage of other antihypertensive 
agents, especially the ganglionic blockers, 

‘should be reduced. 

» Use of ZAROXOLYN with a potassium-sparing 

diuretic may potentiate diuresis; dosage should be 


reduced, Potassium retention and hyperkalemia may result: 


'serum potassium should be determined frequently. 
Potassium supplementation is contraindicated when a 
Potassium-sparing diuretic is given. 

USAGE IN PREGNANCY (See Contraindications): 
Since ZAROXOLYN crosses the placenta, and appears 
in fhe cord blood, its administration to women of child 
Dessing-age requires that the potential benefits of the 












etus. The potential effects on the fetus include fetal or 
neonatal jaundice. thrombocytopenia, and possibly 
other adverse reactions which have occurred in 

he adult. TETTE rS 

NURSING MOTHERS: ZAROXOLYN appears in - 
reast milk. Thus it is possible that the effects of 
ZAROXOLYN may occur in the newborn. If the use of 
ZAROXOLYN is deemed essential for a nursing mother. 
Ihe patient should stop nursing. j^ 


fos. C KONI (cetolazone Pennwalt) 
Hective, comfortable, 
acting antihypertensive 


yfrom a single daily dose. 





(2) 2% mg 


Recommended Dosages Zaroxolyn™ (metolazone) 
Mild to moderate essential hypertension 
Edema of cardiac failure 


Edema of renal disease 


PRECAUTIONS: Periodic assessment of serum 
electrolytes, blood urea nitrogen, uric acid, and 
glucose levels should be made at intervals 
during therapy. 

Patients receiving ZAROXOLYN therapy should be 
observed for clinical signs of fluid and/or electrolyte 
imbalance; namely, hyponatremia, hypochloremic 
alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly important when 
the patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence 
serum electrolytes. Warning signs, irrespective of cause, 
are. dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, 
muscular fatigue, hypotension, oliguria, tachycardia, and 
gastrointestinal disturbances such as nausea and 
vomiting. 

Serum potassium should be determined regularly, 
and potassium supplementation instituted as indicated. 
Hypokalemia will be more common in association with 
intensive or prolonged diuretic therapy, with concomi- 
tant steroid or ACTH therapy, and with inadequate 
electrolyte intake. 

While not reported to date for ZAROXOLYN, 
related diuretics have increased responsiveness to 
tubocurarine and decreased arterial responsiveness 
to norepinephrine, Accordingly, it may be advisable 
to discontinue ZAROXOLYN three days before 
elective surgery. 

Observe caution when administering ZAROXOLYN 
to hyperuricemic or gouty patients. ZAROXOLYN exerts 
minimal affects on glucose metabolism; insulin require- 
ments may be affected in diabetics, and hyperglycemia 
and glycosuria may occur in patients with 
latent diabetes. 

Chloride deficit and hypochloremic alkalosis 
may occur. In patients with severe edema accom- 
panying cardiac failure or renal disease, a low-salt 
syndrome may be produced; hot weather and a low- 
salt diet will contribute. 

Observe caution when administering ZAROXOLYN 
to patients with severely impaired renal function. 

As most of the drug is excreted by the renal route, 
cumulative effects may be seen in this circumstance. 

Orthostatic hypotension may occur; this may be 
potentiated by alcohol, barbiturates, narcotics, or 
concurrent therapy with other antihypertensive drugs. 

While not reported for ZAROXOLYN, use of other 
diuretics has been associated on rare occasions with 
pathological changes in the parathyroid glands, with 
hypercalcemia and hypophosphatemia. 


. ADVERSE REACTIONS: Gastrointestinal reactions: 


Constipation, nausea, vomiting, anorexia, diarrhea, 


- bloating, epigastric distress, intrahepatic cholestatic 


jaundice, hepatitis. Central nervous system reactions: 
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10 mg (10 





2V5 to 5 mg once daily 





5 to 10 mg once daily 





5 to 20 mg once daily 





NOTE: The daily dosage depends on the severity of each patient's condition, his sodium intake, and his responsiveness. 
Therefore, dosage adjustment is usually necessary during the course of therapy. 


syncope, dizziness, drowsiness, vertigo, headache. 
Cardiovascular reactions: orthostatic hypotension, 
excessive volume depletion, hemoconcentration, venous 
thrombosis, palpitation and chest pain. Hematologic: 
leukopenia, Dermatologic-hypersensitivity: urticaria and 
other skin rashes. Other reactions: dryness of mouth, 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyperglycemia, 
glycosuria, raised BUN or creatinine; fatigue, muscle 
cramps or spasm, weakness, restlessness, chills and 
acute gouty attacks. 

Adverse reactions which occur with other diuretics, 
but have not been reported to date for ZAROXOLYN 
include: pancreatitis, paresthesias, xanthopsia, 
agranulocytosis, thrombocytopenia, aplastic anemia, 
purpura, photosensitivity and necrotizing angiitis 
(cutaneous vasculitis). These reactions should be 
considered as possible occurrences with clinical 
usage of ZAROXOLYN. 

Whenever adverse reactions are moderate or severe, 
dosage should be reduced or therapy withdrawn. 


HOW SUPPLIED: Tablets, 2⁄2, 5 and 10 mg. 


References: 

1. Dornfeld L, Kane R: Metolazone in 
essential hypertension. The long- 
term clinical efficacy of a new 
diuretic. Curr Ther Res 18: 527-533, 

1975. 

2. Data on file, Medical Department, 
Pennwalt Prescription Products. 


Va MENNWALT 


Pennwalt Prescription Products 
Pharmaceutical Division 
Pennwalt Corporation 
Rochester, New York 14603 
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*INDICATIONS — Based on.a review of this drug by the National Academy of 
Science-National Research Council and/or other information, FDA has classi- 
fied theindication as follows: 


"Possibly" effective: For long-term therapy of chronic angina pectoris. Pro- 


longed therapy may reduce the frequency or eliminate anginal episodes, 
improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
is not intended to abort the acute anginal attack. 


Final classification of the less-than-effective indications requires further 
investigation. 





CONTRAINDICATIONS — No specific contraindications are known. 


PRECAUTIONS —Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension. 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache. dizziness. nausea, flushing, 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms. 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy 


For complete details, please see the full prescribing information. 





Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, N.Y. 10523 


Illustrated: An English Queen ...created by 
L: Hewson in London in 1678. 


Despite their obvious charm, English playing 
cards were considered crude in design and 
manufacture, and were far less popular than 
those imported from France or Belgium. 


Collection of the United States Playing Card Co. 
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(dipyridamole) Tablets of 25 mg 


‘coronary vasodilator 
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What's in the cards for the © 7 
anginal patient? 25 


For centuries, dealing with the heart's ills has bee n. 





science. Even today, evaluating a drug for oak 


well as its science. Y? 


During more than a decade of clinical experienc 3. 
compounding both science and art, Persantine < 
has often been found useful in the long-term mans 
agement of chronic angina pectoris.“ tmay: — 
eliminate or reduce the frequency of anginal 
attacks ; 


improve exercise tolerance ^d 





reduce nitroglycerin requirements í 
Give enough. ..long enough (recommended dos- 
age: 50 mg t.i.d. at least one hour before meals i» 
for 60 to 90 days or longer). 


Persantine: — 
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Free supplies before September 1. 


I 





Free Lectro-pads, paper, and mounts—enough for 100 ECGs—when you order 
a new Burdick EK-5A electrocardiograph between now and September 1st. 


-. EK-5A paid for after 100 ECGs. 
J 


When you've used these free supplies, your EK-5A will have paid for itself. 


., electrocardiograph with a coveted reputation for you to own a Burdick EK-5A free and clear, is li- 
-~ accuracy, definition and dependability. It exceeds mited. Act now, before the September 1st dead- 
— the minimum American Heart Association line, by calling, toll-free, (800) 356-0701. 
- frequency-response recommendations, is Within Wisconsin, (608) 868-7631. 
— Data-Phone compatible, and is backed Or write to The Burdick Corporation, 


-. by our there-when-you- Milton, Wisconsin 53563. 
= need-us dealer service. nt 


i The Burdick EK-5A is an instant-on solid-state This free-supplies offer, which makes it easy for 
; 
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CLINICAL STUDIES 


1  Echoventriculography in Acute Myocardial Infarction. Ill. Clinical Correlations and 
Implication of the Noninfarcted Myocardium 


MARKKU NIEMINEN and JUHANI HEIKKILA 


Echoventriculography detecting regional abnormalities of left ventricular wall motion demonstrates 
that the performance of the noninfarcted myocardium plays a significant role in the deterioration of 
left ventricular pump function in patients with acute myocardial infarction. The healthy myocardium 
is hypercontractile in uncomplicated or moderately severe infarction but is not hypercontractile or 
is even depressed in severe pump failure. 


9 Plasma Heparin Neutralizing Activity in Coronary Artery Disease 


BRUCE DANA, LEONARD ELLMAN, ANGELINA CARVALHO, WILLARD M. DAGGETT 
and ADOLPH M. HUTTER, Jr. 


With the use of a new assay method increased amounts of plasma heparin neutralizing activity 
(which is released after platelet aggregation) were found in patients with acute myocardial infarc- 
tion, unstable angina pectoris and stable arteriographically confirmed coronary artery disease. 
These results provide evidence for a role of platelet aggregation in coronary artery disease. 


12 Spectrum of Coronary Artery Disease in Idiopathic Hypertrophic Subaortic Stenosis 


ABE WALSTON, Il and VICTOR S. BEHAR 


Six of 42 patients (15 percent) with idiopathic hypertrophic subaortic stenosis showed significant 
atheromatous coronary artery disease, and another 3 had coronary arterial anomalies. The inci- 
dence of atheromatous coronary disease increased with age. There was no correlation with severity 
of chest pain or presence of electrocardiographic signs of myocardial infarction. 


EXPERIMENTAL STUDIES 


17 Effects of Excess Glucose and Insulin on Glycolytic Metabolism During Experimental 
Myocardial Ischemia 


A. JAMES LIEDTKE, HOWARD C. HUGHES and JAMES R. NEELY 


These data show no obvious benefits of glucose and insulin supplements, infused directly into the 
ischemic myocardium, on either mechanical or metabolic functions during experimental myocardial 
ischemia in an intact working swine heart preparation. An alternative explanation for the reported 
experimental and clinical efficacy of glucose-insulin-potassium infusions must be sought. 


Continued on page A17 
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Why his physician 
chose a 
CPI Pacemaker 


Because, of the three major pacemaker 
companies, CPI is No. 1 in /ithium. A 
proven pacemaker power source that has 
experienced no battery failures in over 3 
years of clinical use in over 10,000 
implants. Specialized hybrid circuitry and 
exacting quality assurance contribute 

to a drastically-reduced failure rate. 
Body fluid contamination of the pulse 
generator interior is eliminated, due to a 
triple hermetic seal. 


The medical benefits: pacemaker 
longevity, dependable reliability, and 
predictable ‘post-operative’ performance. 
And confidence in the product. That's 
why his physician chose a CPI lithium 
pacemaker. 


...Of the three 

major pacemaker 
companies, 

CPI is No. 4 in lithium. 
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CARDIAC PACEMAKERS, INC. 
1140 RED FOX ROAD 

ST. PAUL. MINNESOTA 55112 U S.A 
TELEPHONE: (612) 483-6741 

CABLE: CARDIAPACE. ST PAUL/TELEX 29-7049 


Clinical data available upon request 








There are alot of ways to say ‘stable’ 
when you re dealing with nitroglycerin. 
Thats why the testing of Nitrostat includes tests 
to simulate, as closely as possible, the actual conditions 
of use 
For example. we test for wickability—a Parke-Davis 
test (the time in seconds required for water to wet the 
tablet completely by capillary action under controlled 
conditions) to simulate under-the-tongue conditions 
Heat-stable? Yes. Up to 45 C (113 F), considerably 
higher than ‘vest pocket’ temperatures 
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Potency and Content Uniformity? The average assay 
still shows almost 100% of label claim more than 30 
months after manufacture. What's more. the crucial 


For the 
"ultimate test"of 
Stability... 


prescribe a 
nitroglycerin with 
proot of stability. 


question of maintenance of content uniformity of nitro- 
glycerin is answered by Nitrostat as proved by assay: 
less chance of your patient taking a superpotent or, more 
important, a subpotent tablet. 

Disintegration? We test it using the USP test in 800 
mi of water. All tablets usually disintegrate within 30 sec- 
onds (USP limit = 2 minutes). 

Dissolution? Using NF Method T, we show greater 
than 90% dissolution in 30 seconds 

Now, each factor taken by itself may not be decisive. 
But taken together, they add up to a good reason to 
prescribe Nitrostat. 


Nitrosta 
(nitroglycerin tablets, USP) 


0.3 mg (1/200 gr) — 0.4 mg (1/150 gr) — 0.6 ma (1/100 ar) 


sublingual tablets 
stabilized formula 


Available in bottles of 100 
and Convenience Packs of 25 


PARKE-DAVIS -xe pavis & company Detroit. Michigan 46232 
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28 Failure of Hyaluronidase to Alter the Early Course of Acute Myocardial Infarction in Pigs 
ALBERT S. MOST, ROBERT J. CAPONE and PATRICIA A. MASTROFRANCESCO 


Contrary to its reported benefits in dogs, hyaluronidase did not alter the early course of acute myo- 
cardial infarction in closed chest anesthetized pigs, as studied by precordial S-T segment mapping 
and changes in ventricular wall motion. Species difference may be responsible since the infarct in 
pigs may be less amenable to modification by pharmacologic intervention. 


METHODS 


34 Simple Method for Computer-Aided Analysis of Echocardiograms 
SHELLEY |. SAFFER, J. V. NIXON and DAVID J. MISHELEVICH 


This simple method utilizing a sonic digitizing tablet permits usually laboriously obtained information 

to be obtained by computer-aided analysis of M-mode echocardiograms. A program has been writ- i 
ten to compute and type the results of standard calculations involving mitral valve motion and left 
ventricular function. 


38 Monitoring Tissue Oxygenation of the Heart After Myocardial Revascularization 


LESLIE WIENER, MARIO FEOLA, JOHN Y. TEMPLETON, Ill, with the technical assistance of 
HENRY M. HAMARMAN and ALAGAR R. VENKATASWAMY 


Simultaneous monitoring of myocardial tissue oxygen tension (MPO;) and intramyocardial electro- 
grams by polarography in dogs revealed reduced MPO; and elevated S-T segments when the blood i 
flow to the sample area was reduced 50 percent or more. This technique also proved sensitive, use- 

ful and reliable in nine patients undergoing aortocoronary bypass surgery. MPO; increased in the re- 
vascularized areas and decreased significantly when the graft was occluded. 


EPIDEMIOLOGY 


46 A General Cardiovascular Risk Profile: The Framingham Study 
WILLIAM B. KANNEL, DANIEL McGEE and TAVIA GORDON 


This paper presents an economic and efficient method for identifying persons at high cardiovascular 
risk who require preventive care and those at low risk who do not. The method utilizes a composite 
“risk function” score based on serum cholesterol, systolic blood pressure, glucose tolerance, elec- 
trocardiographic evidence of left ventricular hypertrophy and cigarette smoking. The 10 percent of 
persons who were identified with use of this risk function as being at highest risk accounted for one 
fifth of the 8 year incidence of coronary heart disease and about one third of the incidence of ather- 
othrombotic brain infarction, hypertensive heart disease and claudication. * 


Continued on page A 19 


where straining at stool may be hazardous y 


Effectively help avoid straining 
Clinicians have recommended that SENOKOT laxatives be used routinely to avoid constipation in cardiac e 
patients, as a possible means of reducing deaths and accidents due to straining at stool.! Routine use of 

SENOKOT laxatives for cerebrovascular patients has also helped prevent effects of excessive straining which 
may lead to transient cerebral ischemia in the elderly.? 


Flexible, individualized dosage 

SENOKOT Tablets/Granules permit dosage adjustment for regular 
and comfortable evacuation, according to patient requirements. A gen- 
tle, predictable overnight laxative, SENOKOT preparations are usu- 
ally free of side effects at proper dosage levels. With their virtually 
colon-specific action,? SENOKOT Tablets/Granules are compatible 
with other medication patients may be taking. 


















"References: 1. McGuire, J., et a/, cited in Exton-Smith, A. Norman: Constipation in 
Geriatrics, in Management of Constipation, edited by Sir Francis Avery Jones and 
Edmund W. Godding, Oxford, Blackwell Scientific Publications, 1972, p. 162. 2. 
Halpern, A., et al, cited in Exton-Smith, A. Norman, ibid. 3. Godding, E. W.: 
Therapeutic Agents, in Management of Constipation, op cit (ref. 1), p. 65. 
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53 Discrete Subvalvular Aortic Stenosis in Childhood. Study of 51 Patients 


EDGAR A. NEWFELD, ALEXANDER J. MUSTER, MILTON H. PAUL, FAROUK S. IDRISS 
and WILLIAM L. RIKER 


In this series of 51 children with discrete subvalvular aortic stenosis, there were three anatomic 
types of obstruction, namely, thin membranous type (43 cases), fibromuscular collar type (5 cases) 
and funnel type (3 cases). Associated cardiac defects in 57 percent of the children often masked the 
typical clinical and cardiac catheterization features of subaortic stenosis. Criteria for operability in- 
clude the angiographic demonstration of a discrete subvalvular diaphragm and a resting left ventric- 
ular to aortic systolic pressure gradient of 40 mm Hg or greater. 





62 Pulmonary Blood Flow Distribution in Transposition of the Great Arteries 


BERNARDO A. VIDNE, DIANA DUSZYNSKI and S. SUBRAMANIAN Í 

Before undergoing the Mustard intraatrial baffle operation for transposition of the great arteries, 21 E 25 
patients had normal distribution of pulmonary blood flow (determined by scintillation scanning of the 3 y 
lungs), 10 had preferential flow to the right lung and 3 had preferential flow to the left lung. After op- bud 


eration, 19 had a normal pattern, 21 had preferential flow to the right lung and 3 had preferential t 
flow to the left lung. The postoperative scanning studies have helped to exclude recurrence of the 


shunt, pulmonary or systemic venous obstruction and development of pulmonary hypertension. is 
67  Echocardiographic Localization of Interatrial Baffle After Mustard Operation for E a j 
Dextrotransposition of the Great Arteries Eos 
KALIM U. AZIZ, MILTON H. PAUL and ALEXANDER J. MUSTER i 


Echocardiography consistently located the interatrial baffle behind the pulmonary arterial root and 
measured a dimension of the new systemic venous atrium and the posterior segment of the pulmo- 
nary venous atrium with reliable accuracy using the mitral-pulmonary valve continuity as a refer- 
ence point. Such measurements may help evaluate the growth in size of these structures. 
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73  Echocardiographic Detection of Large Left to Right Shunts and Cardiomyopathies in Infants , “a ; 
and Children 3 
DAVID J. SAHN, YVONNE VAUCHER, DAVID E. WILLIAMS, HUGH D. ALLEN, 1 
STANLEY J. GOLDBERG and WILLIAM F. FRIEDMAN y. 


Echocardiographic measurements in normal premature and full-term infants revealed that the mean 
velocity of circumferential fiber shortening was significantly lower than in infants with a large shunt 
and higher than in infants with nonstructural heart disease. The ratio of left atrial to aortic root diam- 
eter at end-systole was comparable in the group with a large shunt and nonstructural heart disease 
and significantly higher in both groups than in normal patients. Similar echocardiographic features 
distinguished older children with cardiomyopathy from normal children. 
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SUMMARY OF 
PRESCRIBING INFORMATION 
Mode of action: The mechanism of action 
of SORBITRATE (isosorbide dinitrate) is 
unknown, although the. basic pharma- 
cologic action is to relax smooth muscle. 
Isosorbide dinitrate reduces in number and 
severity the incidence of angina pectoris 
attacks, with concomitant reduction in nitro- 
glycerin intake. 





Indications: Based on a review of this drug 
by The National Academy of Sciences — 
National Research Council and/or other in- 
formation, FDA has classified the indications 
as follows: 
"Probably" effective: Sublingual and chewable 
dosage forms of SORBITRATE are indicated for the 
treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks. 

Final classification of the less-than-effective indica- 
tions requires further investigation. 



















Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the 
early days of the acute phase of myocardial infarction 
are insufficient to establish safety. Phenobarbital may be 
habit forming. 

Precautions: Should be used with caution in patients 
who have glaucoma. Tolerance and cross tolerance to 
other nitrates may occur. 

Adverse Reactions: Headache which may be severe and 
persistent. Lowering the dose and using analgesics will 
help control the headaches which usually diminish or 


de d disappear as therapy is continued. 
rM Adverse reactions seen occasionally: Cutaneous vaso- 
| a dilation with flushing; transient dizziness and weakness 


for | as well as other signs of cerebral ischemia associated 
with postural hypotension; individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/ 


e. 

TE or exfoliative dermatitis. MG. 
(R) This drug can act as a physiological antagonist to 

E norepinephrine, acetylcholine, histamine and other 

* agents. 

Ot RE Dosage and Administration: Route: Sublingual, oral and 

AS S 3 o chewable tablets. 


Individual Dose: To minimize hypotensive responses, 


which may occasionally be severe with chewable doses 
| H H N as low as 5 mg., the smallest effective dose should be 
employed. Chewable tablets are generally given in doses 


of 5 mg. Sublingually or orally, 5 to 10 mg. is the range 
commonly used although doses of up to 30 mg. have 
frequently been employed. 


= . Dosage Schedule: d ape posg NOE Y 

a 
As with sublingual ISDN: mE err ee E 
: in2mi : S d ner Ry CRENABLE SRG TARE a de 
ET acts I 2 In utes for thera peutic USE. va taken for prompt relief of anginal pain 3 or 4 times daily. 
Although the onset and duration of effect of coronary 


> acts u D to 2 hou rs for prophylaxi S. nitrates may vary, following are the generally reported 


ranges of these values for SORBIT 
Onset of Effect: Sublingual and Chewable: 2 to 5 
minutes. Oral: 15 to 30 minutes. 


ita a Duration of Effect Sublingual and Chewable: 1 to 2 
n a ition z hours. Oral: Estimated to be 4 to 6 hours. 
It is recommended that the oral dosage be taken on 


chewing action helps distribute Say i NP SURE UG 
nitrate over a larger mucosal area. x 
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Non-invasive, doppler ultra-sound, blood velocity 


NEW from Sonicaid: 














The ruggedly constructed, AC powered Sonicaid 
BV380 can be easily transported from room to room as 
needed. The pencil-like transducer transmits and then 
receives the reflected ultra-sound signal (doppler shift) 
which is then processed by Sonicaid’s advanced 
circuitry for both audio and visual presentation. 

As an alternative, Sonicaid offers the BV381, 
the same as the BV380, but with an integral 2-speed, 
2-channel chart recorder with ECG/PCG facility. 


measurement for cardiologists, vascular and cardiovascular 
E internists and neurologists,general practitioners. 


Velocimeter obtains data on both blood velocity and 
direction by doppler ultra-sound. A non-invasive, trans- 
cutaneous procedure, it offers no discomfort to the 
patient. 

- . A narrow beam of low energy (4 or 8 MHz) ultra- 
sound is transmitted into a blood vessel. The signal 
- reflected from the blood cells is then processed by 
- Sonicaid's advanced circuitry to yield both blood flow 
and direction data. 


Both Audio and Visual Presentation 

- The meter on the BV380s5 front indicates both blood 

velocity' and direction and there are separate out- 
- puts to link the BV380 to a standard ECG recorder or 

oscilloscope. 

You can listen to the representation of blood flow 
-soundson either a loudspeaker or headset with a stereo 
effect. And you can connect a stereo tape recorder to 
 transcribe the signal. 


Interpretation and Application 
To assist you in the recognition of blood velocity wave- 


ONICAID 


Velocime simple to operate, Sonicaid BV380 Blood 


forms symptomatic of a variety of circulatory ailments, 
we have prepared an atlas: “Blood Velocity Waveforms 
and their Physiological Interpretation? Applications 
where the BV380 can assist you include: 
e diagnosis of diseases of the right and left heart 
e examination of the peripheral arterial system 
e determination of patency following reconstructive 
surgery 
e determination of venous incompetence 
e neurological investigations related to diseases of the 
carotid and ophthalmic arteries 

The BV380 has proved to be a practical alternative 
to catheterization or angiograms in a number of cases 


where the patient was too ill to undergo these procedures. 


For more information 

For further information or a demonstration of the new 
Sonicaid BV380 Blood Velocimeter or its companion 
BV381 with an integral 2-speed, 2-channel recorder 
with ECG/PCG facility, please write John Scales, Execu- 
tive Vice-President, Sonicaid, Inc. 


PO. Box 714 AE e Fredericksburg, Virginia 22401 e Telephone 703/898-6820 


a pioneer and world leader in doppler ultra-sound diagnostics...more than 20,000 of our most popular instrument, a 
fetal heart detector, are in use in more than 91 countries...the BV380 and BV381 are sold and serviced nationwide. 
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Influence of Dobutamine on Hemodynamics and Coronary Blood Flow in Patients With 
and Without Coronary Artery Disease 


STEVEN L. MEYER, GEORGE C. CURRY, MICHAEL S. DONSKY, DONALD B. TWIEG, 
ROBERT W. PARKEY and JAMES T. WILLERSON 


Dobutamine may have some advantages over certain other inotropic agents in that it increased 
myocardial contractility and cardiac output with relatively small effect on heart rate in 18 patients 
undergoing cardiac catheterization and coronary arteriography. However, in patients with severe 
coronary artery disease it increased coronary arterial perfusion less than in patients without such 
disease and the pattern of perfusion became more inhomogeneous. 
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Mitral Valve Malformation of Ebstein Type in Absence of Corrected Transposition 
DAVID G. RUSCHHAUPT, SAROJA BHARATI and MAURICE LEV 
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In this first documented case of mitral valve malformation of the Ebstein type in the absence of cor- i 
rected transposition, the ring of the inferior leaflet of the mitral valve was displaced downward, di- Í 
viding the left ventricle into a proximal atrialized and a distal effective ventricular chamber. The in- P 
fant died less than 48 hours after birth. Y * 


Surgical Correction of Truncus Arteriosus in Infancy | 
HENRY SULLIVAN, RABI SULAYMAN, ROBERT REPLOGLE and RENE A. ARCILLA E: 


A modification of the Rastelli procedure using a prosthetic conduit with an attached porcine valve 
was successfully employed to correct a type | truncus arteriosus in an 8 week old infant with severe 


heart failure. Such palliative surgery converts cardiac function to a more normal state and simplifies f i ] 
future surgical interventions. ] 
EDITORIALS b 


Computer Analysis of Echocardiograms 
HARVEY FEIGENBAUM 


Antiarrhythmic Drugs: Changing Concepts 
JOEL KUPERSMITH 
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Myocardial Contractility and Isovolumic Power and Rate of Change of Power—Moreno and 
Stein et al. 


Pacemacker Triggering (Inhibition) by Electric Toothbrush—Escher et al. 
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in 12 minutes reel-time. 


It's about time. Half the time it takes other scanners to 
scan a 24-hour DCG. And the Avionics 660A Electrocardio- 
scanner? gives you more information. Automatically 

The 660A aives you the diagnostic advantages of analyzing 
2 DCG leads simultaneously while quantitating Ventricular 
Ectopic Beats, Supraventricular Ectopic Beats, Demand 
Pacemaker Beats, Total Heart Beats, and documenting them 
hourly on a trend of Heart Rate and ST-Segment Levels — all 
correlated with exact patient time. And when the 660A is 
interfaced with the new Avionics 680 DCG Data Terminal, 
each hour of selected DCG Data is further analyzed, computed 
and teleprinted automatically every 30 seconds On-Line 
during the trending. After the trend, the 660A rewinds itself, 
then proceeds through the tape automatically writing out 
operator-selected abnormalities in 2 channels of real-time ECG. 

The ease of operation of these Avionics Scanning Systems 
is geared to your operation. And they not only scan and 
quantitate information from our “New Baby,’ the 445 Mini- 
Holter Recorder, but every recorder Aviorics has produced all 
the way back to our first in 1963. 


4 hours real-time 











So if you want to know more about the new Avionics 660A — 
Electrocardioscanner, 680 DCG Data Terminal and 445 
Mini-Holter Recorder, and how they can turn your real-time 
into reel-time, give us a call at (714) 549-1500. Or clip and 
mail the coupon to: . 
Avionics, 1601 Alton Avenue at Redhill, Irvine, Ca. 92714. 


[^ 


AVIONICS 


a division of Del Mar Engineering Laboratories 






O Please send me more information on the Avionics 
660A Electrocardioscanner, 680 DCG Data Terminal, and 
445 Mini-Holter Recorder. 


O Send the literature, and schedule me for a visiting demonstration. 
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First with 
.Variopacemakers | 









. For Non-Invasive 
_ Patient Threshold Test 








Variopacemaker Model 159—Impulse Duration 1.0 ms 


Variopacemaker Model 179B—Impulse Duration 0.5 ms 
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Advantages 


Now it is possible to check a patient’s 
stimulation threshold easily and 
quickly at any time. 


A permanent magnet is placed 
externally above the implanted 
Variopacemaker. This activates the 
vario function. Stimulation at a rate 
of 100 impulses per minute is 
initiated. The impulse amplitude of 
the Variopacemaker automatically 
steps down in 16 equal intervals to 
zero voltage and then repeats 

the cycle. 


An electrocardiogram is taken during 
the test. By counting the pulses 

which do not result in ventricular 
contraction and then multiplying by 
0.35, the stimulation threshold is 
determined. 


The vario function can be used after 
implantation, before discharge, to be 
sure the electrode is still in a good 
position. The stimulation threshold 
also can be measured during routine 
check-ups of the patient. 


The safety margin can easily be 
determined by measuring the 
difference between output amplitude 
of the pacemaker and the patient’s 
stimulation threshold. This is 
especially valuable toward the end of 
the pacemaker’s usable life. 


PHONE 


ADDRESS 





Other Features 


Electrical interference protection is 
provided by highly selective input 
filters in the pacemaker and complete 
titanium encapsulation. As an addi- 
tional safety measure, the pacemaker 
automatically switches from the 
QRS-inhibited mode to the basic rate 
mode in the event of unusually 

strong fields of interference. 


Defibrillation-safe up to defibrillation 
energies of 400 J (400 Ws). 


Service life expectancy will be more 
than 3 years due to the demand 
function of the pacemaker and the 
long-life Mallory mercury cells 
(RM1 group Il). 


End of pacemaker's life is distinctly 
indicated by a decrease in both basic 
stimulation rate and magnet-imposed 
test rate. When eventually one 
mercury cell has been discharged, 
necessitating a pacemaker exchange, 
the basic rate decrease will be 8 to 

12 imp/min, with a decrease in the 
test rate at the same time of 13 to 

19 imp/min. 





CALL COLLECT FOR A VARIOPACEMAKER DEMONSTRATION 
OR WRITE FOR DESCRIPTIVE LITERATURE 


[] Please send descriptive literature for your Variopacemakers. 
[] Please call for an appointment to demonstrate the Variopacemaker. 


NAME 





Siemens-Elema leads with screw 
connectors or screw adapters are 
available to shorten the inevitable 
stimulation interruption to a few ; 
seconds during pacemaker replace-  . 
ment. Other leads can be connected 
via adapters with Siemens-Elema .  . 
screw connectors. 
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Pacemaker Division « Elema-Schonander, Inc. + Box 128 * Elk Grove Village, Illinois 60007 © 312/640-646 i5 


Dosing continuity: Key to i 


Toxic 
Concentration 


Minimal 
Effective 
Concentration 
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100 mg. every 5 minutes 2-6 mg. per minute 
until arrhythmia suppressed (Wyman, MG, Hammersmith L: 
(up to a maximum dose of | gram) Amer J Cardiol 


Ini :661-667, 1974 
to be administered at a rate 33:661-667, 1974) 


not exceeding 25 to 50 mg./minute. 


For ventricular arrhythmias, 
especially following M... à 


'The Priceless Ingredient of every product 
is the honor and integrity of its maker.'t™ 








: du m 50 mg./kg./day 
regimen n be egun 
Y Busnescuf 
2. (Procainamidé Hydrochloride) 


M the entire therapeutic course 
See next 
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For ventricular Arrhythn 


- PRONESTYL’ INJECTION | 
. (Procainamide Hydrochloride Injection U.S.P.) 


"d gs ` Description: Pronestyl Injection (Procainamide Hydrochloride Injection 
— A U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. pro- 
cainamide hydrochloride per ml. The 100 mg./ml. potency contains 0.9% 
(w/v) benzyl alcohol and 0.0996 sodium bisulfite as preservatives. The 500 
mg./ml. potency contains 0.1% methylparaben and not more than 0.2% 
sodium bisulfite as preservatives. 


|. —  Contraindications: In patients with myasthenia gravis and where a hyper- 
sensitivity to procainamide exists; cross sensitivity to procaine and related 
. drugs must be borne in mind. Should not be given to patients with com- 
- plete atrioventricular heart block. Contraindicated in cases of high-degree 
A-V block unless an electrical pacemaker is operative. 


-. Precautions: Evidence of untoward myocardial response should be care- 
-. fully watched for in all patients. In the presence of myocardial damage, 
procainamide may produce untoward responses. In atrial fibrillation or 
flutter, the ventricular rate may increase suddenly as the atrial rate is slowed; 
f adequate digitalization reduces but does not abolish this danger. If myo- 
. yds cardial damage exists, ventricular tachysystole is particularly hazardous. 
7 The dislodgement of mural thrombi producing an embolic episode may 
~~ occur in correcting atrial fibrillation due to the forceful contractions of 
|. . the atrium. 
Extreme caution is required in attempting to adjust the heart rate when 
ventricular tachycardia has occurred during an occlusive coronary episode 
— er where the use of procainamide may result in additional depression of 
+ Conduction and ventricular asystole or fibrillation as in A-V block, bundle 
.— branch block, or severe digitalis intoxication. 

Parenteral administration should be monitored electrocardiographically 
"~~ whenever practicable. Parenteral administration should be discontinued 
p ns. "at once if electrocardiograms give evidence of impending heart block. This 

— | complication should be kept in mind when treating ventricular arrhythmias 
oh (especially parenterally) in patients with severe organic heart disease and 
~ Ventricular tachycardia who may also have complete heart block. Since 
2 -asystole may result if the ventricular rate is significantly slowed without at- 
—3€. tainment of regular atrioventricular conduction, procainamide should be 
: ene and the patient re-evaluated. 

-In the presence of both liver and kidney damage, normal dosage may 
V bHduoe symptoms of overdosage — principally ventricular tachycardia and 
` severe hypotension. 

_A syndrome resembling lupus erythematosus has been reported with 
_ maintenance procainamide therapy. Common symptoms are polyarth- 
 ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion 
-andpericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 


—.— PRONESTYL TABLETS 
(Procainamide Hydrochloride Tablets) 








| The prolonged administration of procainamide often leads to the de- 
velopment of a positive anti-nuclear antibody (ANA) test with or without 
symptoms of lupus erythematosus-like syndrome. 


i If a positive ANA 

| titer develops, the benefit/risk ratio related to continued procainamide 

therapy should be assessed. This may necessitate considerations of 
alternative anti-arrhythmic therapy. 





i Pronesty! Tablets (Procainamide Hydrochloride Tablets) are veneer-coated 
tablets providing 250 mg., 375 mg., and 500 mg. procainamide hydrochloride. 


p.  Contraindications: In patients with myasthenia gravis and where a hyper- 
-. sensitivity to procainamide exists; bear in mind cross sensitivity to procaine 
-~ and related drugs. Should not be given to patients with complete atrioven- 
tricular heart block. Contraindicated in cases of second degree and third 
_ degree A-V block unless an electrical pacemaker is operative. 


Administration: Should procainamide therapy be continued for any ap- 
preciable period, electrocardiograms should be made occasionally to deter- 
mine its further need. 


Precautions: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed; adequate digitalization reduces but does not 
abolish this danger. Ventricular tachysystole is particularly hazardous if 
- . myocardial damage exists. 

The dislodgement of mural thrombi producing an embolic episode may 
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eas _ occur in correcting atrial fibrillation due to the forceful contractions 
(s. ofthe atrium. 

PC Extreme caution is required in attempting to adjust the heart rate when 
s. -ventricular tachycardia has occurred during an occlusive coronary episode 
tears or where the use of procainamide may result in additional depression of 
nds i conduction and ventricular asystole or fibrillation as in second degree and 


third degree A-V block, bundle branch block, or severe digitalis intoxication. 
g  Beari in mind when treating ventricular arrhythmias in patients with severe 
| P" organic heart disease and ventricular tachycardia that complete heart block, 
which may be difficult to diagnose, may be present. Since asystole may 
result if the ventricular rate is significantly slowed without attainment of 
~ . regular atrioventricular conduction, progainaniide should be koppag and 
e the patient (evel isdd i 
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positive hemolytic anemia, possibly related to this syndrome, have been 
reported. Measure anti-nuclear antibody titers at regular intervals in patients 
on procainamide for extended periods of time or in whom symptoms sug- 
gestive of lupus-like reaction appear; discontinue drug in event of rising 
titer or clinical symptoms of LE. Steroid therapy may be effective if discon- 
tinuation of procainamide does not cause remission of symptoms. If the 
syndrome develops in a patient with recurrent life-threatening arrhythmias 
not otherwise controllable, steroid-suppressive therapy may be used con- 
comitantly with procainamide. 


Adverse Reactions: Because procainamide is a peripheral vasodilator, 
I.V. administration may produce transient but at times severe hypotension 
particularly in conscious patients. I.M. injection is less likely to cause serious 
falls in blood pressure. Serious disturbances of cardiac rhythm such as 
ventricular asystole or fibrillation are also more common with LV. 
administration. 

A syndrome resembling lupus erythematosus has been reported. Re- 
actions consisting of fever and chills including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 
SGOT following single doses of the drug have been reported. Bitter taste, 
diarrhea, weakness, mental depression, giddiness, psychosis with hallucina- 
tions, hypersensitivity reactions such as angioneurotic edema and maculo- 
papular rash have been reported. Agranulocytosis has been occasionally 
reported following repeated use of the drug, and deaths have occurred; 
therefore, routine blood counts are advisable during maintenance therapy. 
If soreness of mouth, throat or gums, unexplained fever or any symptoms 
of upper respiratory tract infection should occur and leukocyte counts in- 
dicate cellular depression, procainamide therapy should be discontinued 
and appropriate treatment should be instituted immediately. 


Administration: Oral administration is preferred. When parenteral therapy 
is necessary, intramuscular administration is the method of choice. /ntra- 
venous use should be limited to extreme emergencies, the drug should be 
administered as a dilute infusion, and the patient should be monitored 
electrocardiographically. The intravenous dose should not exceed 1 gram. 
Administer at a rate not exceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable period, 
electrocardiograms should be made occasionally to determine its fur- 
ther need. 

The package insert should be read carefully to become familiar with the 
recommended dosage for the indicated conditions. 


How Supplied: Pronestyl Injection (Procainamide Hydrochloride Injec- 
tion U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 2 ml. 
vials providing 500 mg./ml. 


In the presence of both liver and kidney damage, normal dosage may 
produce symptoms of overdosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus has been reported with 
maintenance procainamide therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and 
pericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to this syndrome, have been 
reported. Measure anti-nuclear antibody titers at regular intervals in patients 
on procainamide for extended periods of time or in whom symptoms sug- 
gestive of lupus-like reaction appear; in event of rising titer (anti-nuclear anti- 
body) or clinical symptoms of LE, assess the benefit/risk ratio related to 
continued procainamide therapy (see boxed Warning). Steroid therapy may 
be effective if discontinuation of procainamide does not cause remission 
of symptoms. If the syndrome develops in a patient with recurrent life- 
threatening arrhythmias not otherwise controllable, steroid-suppressive 
therapy may be used concomitantly with procainamide. 

Adverse Reactions: Hypotension is rare with oral administration. Serious 
disturbances of cardiac rhythm such as ventricular asystole or fibrillation 
are more common with I. V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported (see 
Precautions). Reactions consisting of fever and chills have been reported, 
including a case with nausea, vomiting, abdominal pain, acute hepatomegaly, 
and a rise in serum glutamic oxaloacetic transaminase following single 
doses of the drug. Agranulocytosis has been occasionally reported following 
repeated use of the drug, and deaths have occurred. Therefore, routine 
blood counts are advisable during maintenance procainamide therapy; and 
the patient should be instructed to report any soreness of the mouth, throat, 
or gums, unexplained fever or any symptoms of upper respiratory tract 
infection. If any of these symptoms should occur and leukocyte counts in- 
dicate cellular depression, procainamide therapy should be discontinued 
and appropriate treatment should be instituted immediately. Bitter taste, 
diarrhea, weakness, mental depression, giddiness, psychosis with hallucina- 
tions, and hypersensitivity reactions such as angioneurotic edema and 
maculopapular rash have been reported. | 

The package insert should be read carefully to become familiar with 
the recommended dosage for the indicated conditions and for full pre- 
scribing information. 

How Supplied: Pronestyl Tablets (Procainamide: Hydrochloride Tableés) 
providing 250 mg., 375 mg., and 500 mg. are available in bottles of 100. 
The 250 mg. and 500 mg. tablets are also available i in «pea or 1000. 








Quality to pass the toughest test 
-your evaluation 


Each RED DOT Electrode is 


individually sealed...to prevent drying out of 
the gel before application...a feature that permits electrodes 
tobepreattachedtocables andstill remain fresh for application 


Engineered for rapid, convenient MONITORING ELECTRODES 


BRAND 


application. ..center sponge is prefilled with precise ; Aet 
amount of gel for rapid application and dependable perform- Medical Products Division 


ance...sponge IS firmly held to electrode base Dy patented 3M CENTER-* SAINTPAUL. MINNESOTA 55101 
adhesive process... built-in abrasive pad for quick prepara- Ha 
tion of skin 


Flat design minimizes movement 
artifacts...iow profile provides optimum contouring 





3 COMPANY 


= EL — 


For a demonstration of RED DOT Brand Monitoring . 
Electrodes and a free supply for your evaluation, please 
complete coupon and mail to: 

Medical Products Division 














| 
| 
to body...no raised edges to catch on clothing or bedding | 3M Company 
Backed with MICROPORE* | ui A ae aoe 
Surgical Tape.. virtuallynonirritatingMICROPORE | "91 aU Minnesota DOLL dir 
Tape ensures patient comfort by permitting skin ventilation | 
while adhering firmly—even to perspiring patients. ..easily Lock ET Prease Print 
removed with little or no adhesive residue : 
Complemented by a complete line | Address 
of cables and adapters ...infivecolorsand | 
18-, 24- or 36-inch lengths... pregelled RED DOT Foam Elec- | City State Zip Code 
‘trodes are also available, as are Nongelled Standard and | 
Pediatric Electrodes for special monitoring requirements : Telephone = Area Code FMIR-568 
l 
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| dt M Modifi cation any Proce ssa "gains the added flexibility of - more about the unit than we ever could. | 
. being able to pisces 4 films at any interval. Previous to . And now, with the new Polytrack Modification, the * . 
Ab — this a Processall was capable of processing up to 4 film — Processall is a more efficient, more effective, more impor- 
. cassettes at one time. But there was a limitation. All 4 tant diagnostic tool then ever before...at a surprisingly 
_ had to be started simultaneously. And by an experienced modest price. 
. operator. e: Without the Polytrack Modification. the Processall is 

: The advantages of the Polytrack MUTICRUOd are pea hae by many to be the best processing machine y 
P. . obvious. The operator doesn't have to e i i available for cine fluorography. With 4 
— wait for the first case to be finished the addition of Polytrack the best 
. before inserting the second, third or becomes that much better. 
— . fourth film, or stop the machine. During Other advantages of the Processall 

a the filming of the diagnostic procedure, System. * Fine Grain Yield * Better Res- - 
olution * Rapid Development * Fixation 
and Drying * Variable Speed and Tem- 
perature Control * Automated Proces- 
ing * Consistent Quality * 316L Stain- - 
less Steel Construction. 

For more information contact us or 

your nearest Oscar Fisher dealer. 


SH camera into the Processall without 
dolay. 

e z: _ As for the machine itself, the fact 
y that Processalls are in daily. use at 


E. ana University, Cleveland Clinic and 
^ DR 





Operator removes finished reel from machine 
while other tracks continue to be processed. 
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OSCAR FISHER CO., INC. 


>O, BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 | 
OA suem manufactured by Oscar Fisher ir Company, m is on GSA A POGRO 





o lict nee nt be a problem for many of óotiot:- once by 1 18 million oe ople at 
your s—even n the heavy coffee drinkers among away from home virtually everywhere yo 
hem. That's s SANKA® brand decaffeinated prepared a FREE physician's sample kit. In it, you 
coffee i is 97% caffein free and 100% pure coffee, with find 10 patient-information folders, explaining the - E 
- the taste your patients have come to enjoy. advantages of restricting caffein intake and containing — 





*Coffee is naturally low in sodium and high in 
potassium. There are 15 milligrams of so- 
dium in each 100 grams of Freeze-Dried 
Instant SANKA* brand decaffeinated 
coffee. Each 2 grams (the usual serv- 
ing per6fl.oz. cup) contains 90 milli- 
grams of potassium and only 0.3 
milligrams of sodium. AII milli- 
gram figures are researched 
approximates. 














Even more important, from a medical point of view, two sample packets of SANKA” brand decaffeinated 
it is ideal for patients who benefit from diets low in coffee plus a 50€ refund certificate toward their — 
sodium (only 0.3 mg. per cup)* and high in potassium first purchase...and for you, an informative brochure, — - 
(a full 90 mg. per cup)* The “No Coffee" Edict, a physician-information folder — 
In order to help you and your patients discover the containing two sample packets, and a certificate h 
benefits of drinking America’s third largest-selling entitling you to a complimentary four-ounce jar. A5 
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tanding, at rest, V-5, HR-74. 
umerican's Stress Test Electrode 
upplies immediate base line stability. 
‘esting with a narrow, drift free base 
ine can begin as soon as the self- 
dhering, silver/silver chloride elec- 
‘odes have been applied to the patient 
nd connections made to your 
aonitoring equipment. 








4th Minute at 2 mph, 0% Grade, 
V-5, HR-75. Base line stability is 
maintained because of the electrode's 
gel retaining cup and gel impregnated 
foam pad; the gel pad is slightly 
oversize to assure positive, continuous 


pressure at the electrode-skin interface. 
The result: virtual elimination of base 


line instability and motion artifact. 
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4th Minute at 3 mph (8th minute of 
test), 0% Grade, V-5, HR-83. (The 
patient's ECG indicates 1 mm of S-T 
depression.) Fully shielded cable 

and leadwire provide an effective 
barrier to the electrical interference 

that might otherwise mask small 
amounts of S-T depression. 


Do your stress test ECGs 
show everythins you 
need to see? 


Huius 

e ane 
E 4th Minute at 3 mph (12th minute 4th Minute at 3 mph (16th minute 
- of test), 5% Grade, V-5, HR-117. of test), 7.5% Grade, V-5, HR-135. 
_ (S-T depression increases to 2.5 mm.) | (S-T depression drops to 2.0 mm.) 


V 


. Even at high work loads, the Ameri- 

-can Stress Test Electrode and f 

- shielded cable system delivers a stable 
base line and noise-free signal. 





and fully 
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Compare the stress test electrocardiograms 

you have been getting with those reproduced above.* 
There’s a reason for the unusually high quality 

of the ECG traces shown: The patient was being 
monitored with American’s Stress Test 

Electrode and fully shielded cable system. 


If you’ve been diagnosing from stress test electro- 
cardiograms that display wide or unstable base lines, 
severe motion artifact or possible hidden S-T depression, 
please contact us. We think we can help. 


“Examples shown were produced under clinical conditions 


during an actual stress test procedure using the American 
Stress Test Electrode system. 


Pm. Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 
Available through 


AMERICAN nHosPITAL SUPPLY 


Division of American Hospital Supply Corp. * General Offices, 1450 Waukegan Road, McGaw Park, Illinois 60085 


Long test procedures seldom affect 
_ the electrode's contact with a patient's 
_ skin; trace quality remains high, even 
with patients who perspire heavily. 

(Because of this electrode's special gel 


- . formulation, application periods of longer 
than four hours are not recommended.) 
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HOSPITAL SUPPLY 
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Pinch wire 
connector 
furnishes 
positive contact 
and visible 
electrode connections. 


Fully shielded 
cables with u 
to fifteen leads 
are available. 
Quick disconnect 
feature enables 
you to change 

one of the 
shielded lead wires 
in moments. 


Den E 


silver/silver chloride! 
electrode is pregelled 


and disposable 
for maximum 
convenience. 













oo. 


Special gel formulation 
and oversized gel pad 
delivers immediate 
baseline stability 
and high signal 
strength. 


s : 3 "- 
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We invite you to try the first 
electrode/leadwire/cable system 
designed to match the *'no- 
compromise” nature of exercise 
stress testing. The fully shielded 
patient cable is adaptable to your 
present monitoring equipment, 
regardless of its make. 


Please contact your American 
Hospital Supply or NDM 
representative to arrange a no 
obligation clinical trial, including 
a total inservice for your staff. 
American will supply electrodes, 
fully shielded cables and fully 
shielded, quick disconnect 
leadwires adaptable to your 
present monitoring equipment 
during the trial period. 


For more information and 

a complimentary copy of our 
stress test technician's primer 
How to Take the Strain out of 
Stress Testing, write to: 

NDM, Department J, 3040 East 
River Road, Dayton, Ohio 45439, 


Artist's conception of heart with 
changes typical of congestive failure. 


Note pronounced left ventricular 


hypertrophy. 
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failure... 


In congestive heart 


aldosteronism promotes 


edema. ‘The hyperaldosteronism 
present in the majority of patients with 
congestive heart failure...explains the low 
sodium excretion in urine, sweat, and saliva. 
Ultimately, of course, this retention of salt 
and water leads to edema. " 


Aldactone (spironolactone) 
combats aldosteronism... 
promotes diuresis. 


"By administering spironolactone [Aldactone] 
Over, say, three or four weeks, one may 
actually induce a greater sodium and water 
loss than with more powerful natriuretic 
agents....* 


: Effective diuresis in 


edema of congestive heart failure 


Aldactone evironolactone)2+:na ses | 


li Produces gradual, positive, sustained diuresis, usually without 
causing acute volume depletion, and without rebound fluid retention. 


li Helps prevent potassium loss which may contribute to 
arrhythmias and digitalis toxicity. 


See next page for brief summary of prescribing information. 
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In congestive heart Mire 


. Aldactone 


-. (spironolactone) 


25-mg. tablets 


- Indications — Essential hypertension; edema of, congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome and idiopathic edema. Some 
patients with malignant effusions may benefit from Aldactone (spironoloc- 
. tone), particularly when given with a thiazide diuretic. 

Contraindications — Acute renal insufficiency, rapidly progressing impair- 
ment of renal function, anuria and hyperkalemia. 
ings —Potassium supplementation may cause hyperkalemia and is 


“Not indicated unless a glucocorticoid is also given. Discontinue potassium 


- supplementation if hyperkalemia develops. Usage of any drug in women of 
. childbearing age requires that the potential benefits of the drug be weighed 
;; ggwin? its possible hazards to the mother and fetus. 

In a 78-week chronic toxicity study, rots were given daily oral doses of 
| spironolactone approximately 30, 90 and 300 times the usual daily human 


_ therapeutic dose (100 mg. per day). The results of this study demonstrated 
à dose-related, statistically significant increase in the occurrence of benign 


adenomas of the testes and thyroid gland. Similar findings have not been 


~ demonstrated in other animal studies. In view of the marked differences 
-in spironolactone metabolism by the rat and by man, the relationship of this 


finding to the possible development of tumors in humans is unknown. 
Precautions—Patients should be checked carefully since electrolyte im- 
balance may occur. Although usually insignificant, hyperkalemia may be 
serious when renal impairment exists; deaths have occurred. Hyponatremia, 
manifested by dryness of the mouth, thirst, lethargy and drowsiness, to- 
gether with a low serum sodium may be caused or aggravated, especially 
when Aldactone is combined with other diuretics. Elevation of BUN may 
occur, especially with preexisting renal impairment. Mild acidosis may occur. 
Reduce the dosage of other antihypertensive drugs, particularly the gangli- 


.. onic blocking agents, by at least 50 percent when adding Aldactone since it 


potentiates their action. The physician should be alert to the possible onset 


-- of gynecomastia, 


Adverse Reactions — Drowsiness, lethargy, headache, diarrhea and other 
gastrointestinal symptoms, maculopapular or erythematous cutaneous erup- 


_tions, urticaria, mental confusion, drug fever, ataxia, gynecomastia, inability 


to achieve or maintain erection, androgenic effects, including hirsutism, 


. irregular menses and deepening voice. Adverse reactions are usually reversi- 
ble. In rare instances gynecomastia may persist. 


and Administration—For essential hypertension in adults the 
initial daily dosage is 50 to 100 mg. in divided doses. Aldactone may be 
combined with a thiazide diuretic if necessary. Continue treatment for 
two weeks or longer since the maximal response may not occur sooner. 
Adjust subsequent dosage according to response of patient. 
bee edema in adults initial daily dosage is 100 mg. in divided doses. 
Continue medication for at least five days to determine diuretic response; 
add a thiazide or organic mercurial if adequate diuretic response has not 


~ occurred. Aldactone dosage should not be changed when other therapy is 
added. A daily dosage of Aldactone considerably greater than 75 mg. may 
— . be given if necessary. 


A glucocorticoid, such as 15 to 20 mg. of prednisone doily, may be desir- 


| - able for patients with extremely resistant edema which does not respond 
- adequately to Aldactone and a conventional diuretic. Observe the usual 


precautions applicable to glucocorticoid therapy; supplemental potassium 
will often be necessary. Such patients frequently have an associated 
hyponatremig —restriction of fluid intake to 1 liter per day or adminis- 
tration of mannitol or urea may be required (these measures are contra- 
indicated in patients with uremia or severely impaired renal function). 


- Mannitql is contraindicated in patients with congestive heart failure, and 


ured is contraindicated with a history or signs of hepatic coma unless the 
patient is receiving antibiotics orally to “sterilize” the gastrointestinal tract. 


~ Glucocorticoids should usually be given first to patients with nephrosis 


since Aldactone, although useful for diuresis, will not directly affect the 


+ basic pathologic process. 


For children the daily dosage should provide 1.5 mg. of Aldactone per 
pound of body weight. 
References: 
1. Genest, J., and Nowar, T.: Clinician: Congestive Heart Failure, Medcom’ 
Learning Systems, New York, Medical Communications, Inc:, 1972, pp. 42-49. 
2. Laragh, J. H.: Hosp. Pract. 5:43-50 (Nov.) 1970. 


| Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 


ET Address medical inquiries to: 


5 ee boi alknitt em n TELA. Iu | 


3 Box 5110, Chicago, Illinois 60680 


G. D. Searle & Co., Medical Department 
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PURE ic PROCU ENTE EU 
For your medical library . . . 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Symposium on: 


Electrophysiologic Correlates of PT 
Arrhythmias (1972) 


Guest Editor: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


Please tear off and mail. 


AJC 7/76 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 

Radio City Station 

New York, N.Y. 10019 


Send me the following symposium reprints: 
O Electrophysiologic Correlates of 


Clinical Arrhythmias ........... $8.00 
O Pre-Hospital Phase of Acute 

Myocardial Infarction ........... $6.00 
CQ Human Heart Transplantation .... $6.00 
D Cardiac Temors: 55:565: c ou $6.00 
O Coronary Care Units ........... $6.00 


Enclosed is my check for $ 

Name 

Address 

Ci State | zi 


(Please add appropriate sales tax if in New York State iind 
New York City) 
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-. Cardiologists: 


33% of Your Patients May Die 
From I hromboembolic Disease" 


Thromboembolic disease is increasing as 
a secondarily diagnosed condition. 


The following primary patient conditions 
exhibit an incidence rate for thrombo- 
embolic disease above the average. 
Therefore, these conditions should be 
considered "High Risk". 


PATIENTS PER 1000 


WITH THROMBOEMBOLIC 
PRIMARY CONDITIONS DISEASE 
Rheumatic Fever and 
Rheumatic Heart Disease 17 
Hypertensive Heart Disease 7 
Ischemic Heart Disease 15 
Diseases of the Pericardium, 
Endocardium, and Myocardium 16 
Cardiovascular Diseases 6 
Arterial Diseases 10 
Pulmonary Embolism 
with Infarction 125 
Other Venous Emboli 
and Thrombi 87 
Lower Extremity Varicosities 30 
Other Lymphatic Diseases 8 
Other Circulatory Diseases 8 


These Patients Deserve 
Additional Protection Against 
Thromboembolic Disease... 


* "Basic data for use in this study were supplied by the Commission on 
Professional and Hospital Activities (CPHA), Ann Arbor, Michigan. In 
these data the identities of individual hospitals were not revealed in any 
way. Although statistical testing was done at CPHA, any analysis, 
interpretation, or conclusions based on the data is solely that of the 
Kendall Corporation and CPHA specifically disclaims responsibility for 
any such analysis, interpretation, or conclusion. 


i 


Anti-Embolism Stockings 


The Clinically Proven Stocking That Reduces 
the Incidence of Thromboembolic Disease 





_ Venous stasis...a dangerous precursor to pulmo- 
nary embolism. Diagnosis? Inconsistent. Probabil- 
- ity for incidence following surgery? Significant. 
T.E.D. Anti-Embolism Stockings substantially 
— reduce venous stasis. That's a clinically proven fact. 
_ Twenty-five years of continuous research positively 
z as. e substantiate that claim. 
——  — TED. Anti-Embolism Stockings are like no 
2 other anti-embolism stockings. Exclusive con- 
1ctiot provides the proper gradients of pres- 
..consistently, precisely. A patented relaxed 
UCE pressure at the popliteal space, a 
gusset prevents constriction. No harsh 
as. Special toe opening for inspec- 
` that fit 98% of all hospital 


















admissions. Simple to apply, easy to maintain. 

Your Kendall salesman is professionally trained 
to help you implement a total prophylactic pro- 
gram in your hospital. Inservice guides, programs, 
tape measures, and fitting charts eliminate the pos- 
sibility of incorrect fit, improper use. 

T.E.D—Low cost medical insurance against 
thromboembolic disease for the doctor, nurse and 
hospital. 


KENDA 


INNOVATORS IN PATIENT CARE 4 


© 1976, The Kendall Company, One Federal Street, Bostan, Ma. 021 

















No symptoms. 
No signs. <> 
No complaints. 


Yet he was put 
on lipid-lowering 
therapy. 





' AN IMPORTANT NOTE: It has 
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Early intervention — 
arationalapproachtothe 
management of hyperlipidemia 


Reducing elevated lipid levels is a rational therapeutic goal at any stage 
of the hyperlipidemic process. Lipid lowering is perhaps most logical, 

sw however, early in the course of hyperlipid- 
emia, when most patients are asymptomatic.' 


Seemingly well, these patients are usually 
found to be hyperlipidemic when routine 
cholesterol and triglyceride determinations 
are performed as part of an overall clinical 
and laboratory workup. 


If persistent, clinically significant lipid eleva- 
tions are demonstrated — and underlying 
disease states are ruled out through history, 
physical examination, and appropriate labo- 
ratory tests — a diagnosis of primary hyper- 
lipidemia is confirmed. 





Dietary modification directed at correcting the specific lipid abnormality 
should be instituted as the first therapeutic step, but often fails to lower 
the lipids sufficiently. 


This is the best time to add ATROMID-S, an antilipidemic agent, to the 
regimen. Early, effective, and continuous lipid lowering is important in 
the successful management of hyperlipidemia. 
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Routine testin for both cholesterol 
and triglycerides recommended 


The concept of early intervention is gaining acceptance in dealing with 
the nationwide epidemic of hyperlipidemia. As a result, there is a trend 
toward increased screening of both asymptomatic patients and blood 
relatives of hyperlipidemic patients. “Because history and physical exam- 
ination are limited in their ability to detect these disorders [hypercholes- 
terolemia and hypertriglyceridemia], it now appears mandatory that each 
physician screen each patient routinely for lipid abnormalities justas one 
now routinely gets a hematocrit, a urinalysis or a fasting blood sugar in the 
course of an annual physical examination." 


Hyperlipidemia 
Atromid-S er! 


(clofibrate) Capsules 500 mg. 


See next page of advertisement for prescribing information. 


. Hyperlipidemia —a factor you can do 

E something about You cannot change your patient’s heredity. 
_ Or sex. Or age. But you can help alter other factors in his profile: improper 
. diet, excessive smoking, hypertension and hyperlipidemia. While diet is 

v the starting point in the management of 
primary hyperlipidemia, it is not always suc- 
cessful. As Zelis? points out: "Dietary control 
requires strong motivation and self-discipline 
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Ke: that not every patient is able to exercise.” 

E: è And even under carefully monitored dietary 

" - regimens, lipid lowering may be inadequate. 
E For these reasons, it is often necessary to add 
i an antilipidemic agent such as ATROMID-S to 
E produce significant reductions in serum lipids. 
_ Atromid-S (clofibrate) — to help reduce 


. elevated levels of cholesterol 

. and/ortriglycerides when diet alone 

-. Is not enough ATROMID-S as an adjunct to diet has a proved 

— record of effectiveness in lowering elevations of both cholesterol and 

E triglycerides. Lipid lowering is sustained as long as ATROMID-S treatment 
E Is uninterrupted. The drug is effective in a simple, well-accepted regimen 

— that patients can stay with. Initial and maintenance dosage is 2 Gm. daily, 
- — in divided doses. Some patients may respond to a lower dosage. The 

_ lipid-lowering effect of ATROMID-S is usually noted during the first month 
i of therapy. The higher the initial level, the greater the lipid reduction likely 
- to occur. If response is inadequate after three months, the drug should be 
- discontinued. However, if xanthoma tuberosum is present, treatment should 
—— be continued for longer periods (even up to one year), provided there is 

e a reduction in the size and/or number of the xanthomas. 

je. Significantly lowers cholesterol and triglycerides in patients 


ru 
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-with elevated serum levels of both lipids? 
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T Significantly lowers elevated serum cholesterol levels in patients 
with normal triglyceride values (<150 mg./100 ml.) 
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Mean value (mg.%) of Cholesterol! Samm 





Years 1 2 3 4 5 6 7 8 
No. of patients 8 EE 8 7 3 
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IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 

- WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 

. CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT SHOULD BE 

| REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 

. |. THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICA- 
TIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 

DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 









Atromid-S (ciotibrate) 
helps control the lipid factor 


in your patient's profile 


Initial and maintenance 
dosage: 2 Gm. daily (four 
capsules), in divided 
doses. Some patients may 
respond to a lower dosage. 





BRIEF SUMMARY 


(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy 
to diet and other measures for the reduction of elevated serum 
cholesterol (especially the beta lipoprotein fraction) and/or tri- 
glycerides. Clofibrate appears to have a greater depressant 
effect on the very low density lipoproteins (Sr 20-400) rich in 
uigiycerides than the low density lipoproteins (S:.0-20) rich jin 
cholesterol 

ATROMID-S is also indicated for treatment of patients with 
xanthoma tuberosum associated with hyperlipidemia. The skin 
esions frequently regress with clofibrate 

t has not been established whether the drug-induced lowering 
of serum cholesterol or lipid levels has a detrimental, beneficial. 
or no efiect on the morbidity or mortality due to atherosclerosis 
or coronary heart disease. Several years will be required béfore 
current investigations will yield an answer to this question. 
CONTRAINDICATIONS: Ciofibrate is contraindicated in preg- 
nant women, While teratogenic.studies have not demonstrated 
any effect attributable to clofibrate, it is known that serum of 
the rabbit fetus accumulates a higher- concentration of clo- 
tibrate than that found in maternal serum, and-it is. possible 
that the fetus may not have developed the enzyme system 
required for the excretion of clofibrate, 

it is contraindicated in lactating women since it is not known 
if clofibrate is secreted in the milk. 


It is contraindicated in patients with clinically significant 
hepatic or renal dysfunction. 


| 


it iS contraindicated in patients: with primary biliary cirrhosis 
since it may raise the already elevated cholesterol in these 
cases. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTI- 
COAGULANTS ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY. ONE-HALF (DEPEND- 
ING ON THE INDIVIDUAL CASE) TO MAINTAIN THE PRO- 
THROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT. HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN. LEVEL 
HAS BEEN STABILIZED. 

Strict birth control procedures must be exercised by women 
9f childbearing potential. In patients who plan to become 
pregnant, clofibrate should be withdrawn several months 
before conception. Because of the possibility. of pregnancy 
occurring despite birth control precautions in. patients taking 
clofibrate, the possible benefits of the drug to- the: patient 
must be weighed against possible hazards to the fetus. 
PRECAUTIONS: Before instituting therapy with clofibrate, 
attempts. should be made to control serum lipids: with appro- 
priate dietary regimens, weight loss in obese patients, control 
mellitus, etc 


of diabetes 


Because of the long term administration of. a drug of this nature, 
adequate base line studies should be performed to determiné 
that the patient has significantly elevated serum lipid levels. 
Frequent determinations of serum lipids should bé obtained dur- 
ing the first few months of ATROMID-S administration, and 
periodic determinations thereafter. The drug should. be. with- 
drawn after three months if response is inadequate. However, in 
the case of xanthoma tuberosum, the drug should be employed 
for longer periods (even up to one year) provided that there is a 
reduction in the size and/or number of the xanthomata. 
Subsequent. serum lipid determinations. should be done to 
detect a paradoxical rise in serum cholesterol or triglyceride 
levels. Clofibrate will not alter the seasonal variations of serum 
cholesterol peak elevations in midwinter and láte summer. and 
decreases in fall. and. spring. If the drug is discontinued, the 
patient should be placed on an appropriate hypolipidemic. diet, 
and his serum lipids should:be monitored until stabilized, as a 
rise im these values to or above the original base line may occur. 
During clofibrate therapy, frequent serum transaminase deterMi- 
nations and other liver function tests should be performed since 
the drug may produce abnormalities in these parameters. These 
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tains 500:mg. clofibrate, in bottles of 100. 
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affects are usually reversible when the drug is discontinued. 
Hepaticebiopsies are usually within normal limits. If the hepatic 
function fests steadily rise or show excessive abnormalities, 
the drug should be withdrawn. Therefore use with caution. in 
those patients with a past history of jaundice or hepatic disease. 


Clotibrate may produce "flu like" .symptoms (muscular aching, 
soreness, cramping). The physictan should differentiate this 
trom-actual viral and/or bacterial disease. 


Use with caution in patients with peptic ulcer since reactivation 


omplete blood counts should be done periodically since ane- 
mia, and more frequently, leukopenia have been reported in 
patients who have been taking clofibrate. 


Various cardiac arrhythmias have been reported with the use of 
clofibrate. 


Several investigators have observed in their studies that clofi- 
brate may produce a decrease in cholesterol linoleate but an 
morease in palmitoleate and oleate, the latter being considered 
atherogenic in experimental animals. The significance of this 
finding is unknown at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most 
common is nausea, Less frequently encountered gastrointesti 
nal reactions are vomiting, loose stools, dyspepsia, flatulence, 
and abdominal distress. Reactions reported less often than 
gastrointestinal ones are headache, dizziness, and fatigue; 
muscle cramping, aching, and weakness, skin rash, urticaria, 
and pruritus; dry brittle hair, and alopecia. 


The following reported adverse reactions are listed alphabeti- 
cally by systems: 
Cardiovascular 

Increased or decreased angina 

Cardiac arrhythmias 

Both swelling and phlebitis at site of xanthomas 
Dermatologic 

Skin rash 

Alopecia 

Allergic reaction including urticaria 

Dry skin and dry brittle hair 

Pruritus 


"^ Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal dis- 
tress) 
Hepatomegaly (not associated with hepatotoxicity) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by 
dysuria, hematuria, proteinuria, decreased urine output. 
One patient's renal biopsy suggested "allergic reaction 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinaphilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
"Flu like" symptoms 
Anhralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 


J« 


Abnormaliver function tests as evidenced by increased trans- 
aminase (SGOT and SGPT), BSP retention, and increased 
thymo! turbidity 

Proteinuria 

Increased creatine phosphokinase 

Reported adverse reactions whose direct relationship with the 
drug has not been established: peptic ulcer, gastrointestinal 
hemorrhage, rheumatoid arthritis, tremors, increased perspira- 
tion, systemic lupus erythematosus, blurred vision, gynecomas- 
tia, thrombocytopenic purpura. 

DOSAGE AND ADMINISTRATION: /nitia/: The recommended 
dosage for adults is 2 Gm. daily, in divided doses. Some 
patients may respond to a lower dosage. 

Maintenance: Same as for initial dosage. 

Note: In children, insufficient studies have been done to show 
safety. and efficacy 

DRUG INTERACTIONS: Caution should be exercised when 
anticoagulants are given in conjunction with ATROMID-S 
(clofibrate). The dosage of the anticoagutant sh uld be 
reduced usually by one-half (depending on the individual case) 
to maintain. the prothrombin time at the desired level to pre- 
vent bleeding complications. Frequent prothrombin determina- 
tions are advisable until it has been definitely determined that 
the prothrombin level has been stabilized. 

MANAGEMENT OF OVERDOSAGE: While there has been no 
reported case of overdosage, should it occur, symptomatic sup- 
portive measures should be taken. 


HOW SUPPLIED: ATROMID-S—No. 243—Each capsule con- 


References: 1. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975. 
2 7elis. R Clinical Focus on Hyperlipidemia: Detection and 
Diagnosis, Ayerst Laboratories, 1975, p, 8. 3. Berkowitz, D.: 
JAMA. 218:1002 (Nov. 15) 1971. 
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The CardioBeeper* heart monitor and 
CardioBeeper®’-PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit your coronary 
patient, within seconds, to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in- 
terval and artifact, as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 


Pacemaker tracing telephoned with 
CardioBeeper-PM. 


$5535 50555 $3558 555 55 5545 
uum 
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al ECG tracin 

CardioBeeper. 
The CardioBeeper system is simple 

to use. Your patient need not undress. 

Or be bothered with paste, gels or straps. 

He simply places a reusable electrode 

in each bare armpit. And to transmit, 

he merely holds the Cardio Beeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physician 
and patient stay in constant voice 
contact while sending and receiving. 


You can immediately receive the 
telephoned data as a series of audible 
beeps indicating each QRS complex 
or pacemaker spike. To receive a per- 
manent record of ECG or pacemaker 
artifact, just connect a Cardio Beeper“ 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a Cardio Beeper’ 
Decodalyzer to your phone to obtain a 
visual readọut of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyeth 
representative or Wyeth Laboratories. 
Box 8299, Philadelphia, Pa. 19101. 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeper-PM 


pacer monitor 


CardioBeeper 


heart monitor 


Wyeth Laboratories 


Survival Techfology, Inc 
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Echoventriculography permits detection of regional abnormalities of left 
ventricular wall motion in acute myocardial infarction. Overall and regional 
performance of the left ventricle was related to the prognosis and clinical 
severity of acute transmural myocardial infarction in 30 patients. Although 
values for left ventricular size, ejection fraction and modified mean cir- — 
cumferential fiber shortening velocity were all abnormal (P «0.005), they 
did not differ among 8 patients with uncomplicated infarction, 12 with 
moderate left ventricular failure and 10 with pulmonary edema or shock. 
In contrast, magnitude of the summed wall motion amplitudes from seven — 
standard regions around the left ventricle decreased in parallel with E 
ejection fraction (P <0.001) and with clinical severity of infarction (r= E. 
—0.79, P <0.001). Function of the healthy myocardium was hypercon- 
tractile in 40 percent of patients, but this occurred only in patients with — 
uncomplicated or moderately severe infarction. In patients with severe | : 
pump failure the “uninvolved” myocardium did not manifest a hyper- — 
contractile or even normal response despite infusion of catecholamines © a 
(—21 percent; r = —0.76, P <0.001). Four nonsurviving patients had the — 
poorest ventricular function (as low as 10 percent of normal) as assessed | 
by several segmental echocardiographic performance indexes. Perfor- - 
mance of the noninfarcted myocardium therefore seems to have a role 
in deterioration of left ventricular pump function in acute myocardial in- - 
farction. 
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Abnormality of left ventricular contraction invariably occurs after | 
acute myocardial infarction. Depending on the magnitude of the dys- 
function, a spectrum of left ventricular failure develops, ranging from 
a clinically unrecognized condition to cardiogenic shock. ! Until echo- P 
cardiographic techniques were developed for analyzing local myocardial. 1 
function in acute infarction,?-4 and before the recent application of ra- 
dionuclide angiography,?6 this basic physiologic disorder, left ventricular $ 
segmental dysfunction, could not be studied quantitatively. 2 

In this study of 30 patients the clinical severity of myocardial infarc- | 


tion is related both to overall left ventricular pump performance and to 
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severity of segmental dysfunction as studied by quan- first myocardial infarction. With two exceptions they are the 
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_ titative echocardiography. Particular attention is fo- same patients reported on in Part I of our studies on echo- 

E cused. on capacity of the noninfarcted segments to ventriculography in acute myocardial infarction.* All the 

- compensate for the acute reduction of pump function. patients were studied and treated in the intensive care unit; 
NE S A their relevant clinical findings are given in Table I. The di- 
EART. N, Patients and Methods agnosis of acute infarction was based on the usual criteria of 
Be clinical features and electrocardiographic and serum enzyme 
x vatients changes. 

b - Thirty patients, 23 men and 7 women ranging in age from On the basis of clinical severity of infarction, the patients 

E^ to 68 years, were studied during the acute phase of their were classified in three groups: Group 1 consisted of 8 patients 


TABLE | 
poses and Echocardiographic Data in 30 Cases 
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Pix Echocardiogram 
em Drugs Le Ge ee ee 
- Case Site of REEE AT AMT EE ay ic V Pe eee! LVEDV LA Ampl 
Reno; Sex HR BP MI Arrhythmia Antiarrhythmic Inotropic (ml) (mm) (mm) 
a pole ae iS 
a : Group 1 
|- BEEN NUTUS TÉRRA e ee e s iy. Ss 
hes 45 M 60 120 PL $24 385 43 10 
M 6 M 65 105 PL Pe Lido 2, Pr Tu: 328 36 6 
E^ 200 
E 9 F 56 120 | Aà Lido 2 os 204 39 6 
Br. 10 M 60 100 | NUS Lido 2, Proc Sa, 164 39 9 

"ae by M 92 105 ExA VF Lido 2, Pr 184 34 15 
E 200 

wa M 75 100 PL VP, VES Lido 4 ry 148 25 6 
29 M 70 105 PL ON Proc 1.5 PR 225 38 10 
E38 M 65 105 PL VF Proc 3.0 $y 148 32 10 





Ti 4 M 65 160 PL wy Lido 2 yy 328 21 9 
ae M 100 110 AL X Lido 2 aA 288 24 9 
ee 92 M 100 105 PL om Lido 2 Dig 356 26 7 
ts 19 F 74 150 PL VT, VES Lido 2.5 b 184 36 9 
i. 22 M 80 100 A SS Lido 2 Su 225 26 7 
E23 M 90 120 | Sa Lido 2, Pr ye 164 28 7 
Re 200 

25 M 50 80 ExA Brady Proc 2.0 e d 204 15 9 
.. 28 M 90 110 ExA flr Lido 2, Proc my 288 17 9 
2.0 

—. 80 M 48 80 P Brady, Lido 2.5 sens 138 32 6 
n VES 

nc SS F 92 110 PL VF, Brady Lido 2, Proc em. 249 27 8 
E. 2.0 

|... 84 M 80 120 ExA VP Lido 3, Pr ts 328 23 10 
doy 25 iv 

44 37 M 60 110 PL Brady Lido 2 aja 274 31 6 
i co9 TU 65 S RSE LUN ESOS CE o CU OECD MM ELM IM CC C cc ee eM MMC —— Mene LL UR 
boo Grou» 3 

S QU. M 80 110 AL VF, VES Lido 2 Dig 174 16 8 
" 13* M 90 80 ExA VF Lido 2 Dop 900 184 12 8 
B4 M 95 120 PL da: Lido 3 i 225 23 7.5 
ea: F 75 130 AS Y Ue 89 17 5 
52:18* F 105 80 ExA VF Lido 2 Dop 2000, 165 16 6 
i-r 80 100 PL VES, AF Lido 3 Dop 400, 274 19 6 
n Dig 

E21 M 120 105 ExA VT Lido 2 Dop 250 385 6 7 
Lega M 60 140 ExA AF Lido 2 Dop 150, 356 21 8.5 
E Dig 

Edo E 120 80 PL VP Ma wr 148 25 10 
-. 39* M 80 85 ExA VF, VES Lido 2 Dop 200 238 5 6 


| Normal Values 
p lo uU Sens uU THX SS alee Re a e E AL NE eRe ad RECUERDE ERR NINOS TOURS oe S iege S 
i 118 46 A:5.2; 


3 P:8.3 
BELLUTDCUNEECGICUYTR UWLULMTMM———————————————————————— 


- * Patients who died. | : 
_ A= anterior; AF = atrial fibrillation; Ampl = amplitude at the single noninfarcted region; BP = systolic blood pressure (mm Hg); Dig = dig- 

.oxin; Dop = dopamine infusion (ug/min); ExA = extensive anterior; HR = heart rate (beats/min); IV = intravenously; | = inferior; L = lateral; 

Lido = lidocaine infusion (mg/min); LVEDV = left ventricular end-diastolic volume; MI = myocardial infarction; P = posterior; Pr = practolol 

- (mgl; Proc = procainamide (g); S = septal; XA = summed amplitudes (Fig. 1); VES = frequent ventricular extrasystoles; VF = ventricular fibrilla- 

‚tion; VP = ventricular parasystole; VT = ventricular tachycardia. l 
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. signs of nid to moderate cardiac failure such as widespread 
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^ ‘the 10 patients in group 3 had severe infarction (MIRU classes 
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rales, loud third sound gallop (MIRU class II); and 





III and IV) either complicated by frank pulmonary edema, 
serious cardiovascular failure or cardiogenic shock or pro- 
 gressing to death (4 patients). Inotropic medication was ad- 
. ministered to only one patient in groups 1 and 2, whereas 7 of 


. the 10 patients in group 3 required inotropic support with 
. dopamine infusion (150 to 2,000 ug/min) or parenteral ad- 


ministration of digoxin, or both, at the time of the echographic 
studies (Table I). Most of the patients were treated with lid- 


ocaine infusion (1 to 4 mg/min) or were given procainamide 


orally (Table I). The beta adrenergic blocking drug practolol 


. was used in four patients, two each in groups 1 and 2. 


ef Echocardiographic Methods 


. The echocardiographic studies of the left ventricle were 


A Moried serially with a Picker Echoview II (Cleveland, 


— Ohio) as earlier reported in detail.?^? In brief, overall pump 


. function was assessed from end-diastolic and end-systolic 
—. volumes,?:!? ejection fraction? and modified circumferential 


. fiber shortening velocity (Vcr).?!! The regional function of 


the left ventricle was studied by multiaxis recordings from 


. eight (AWI to AWA and PW1 to PW4) basic left ventricular 


.. regions (four anterior and four posterior) as obtained by four 


- principal echocardiographic beam directions (Fig. 1). Because 


.. the lowest inferior region (PW4) was not recorded consis- 


tently, three posterior regions were included for the quanti- 
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E 3 FIGURE 1. |. Schematic display of the seven standard TRESS, usedto 
.. Study left ventricular segment function. Four anterior (AW1 to AW4) _ 


and three posteroinferior (PW1 to PW3) areas are explored? by the four 
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be difficult to recognize.” 3,48. Furthermore, ecl 101 ali di ons - 
differ in ability to display clearly near field targets. We h: ave 
found that tHis ability is at least acceptable with Smith } Kline | 
and Picker equipment. e cH 
Regional function was assessed in the seven egrets AWI 
to AW4 andPW1 to PW3) by amplitude of the wall motion, 
taken from the onset of isovolumic contraction at the start of 
QRS complex to the peak of systole, and by velocity of th the 
systolic motion. The latter was taken as a mean tangent t A 
systolic contour of the wall motion in the M-mode.* In cases. 
of arrhythmia, only the ventricular contractions caused by 
supraventricular beats were accepted for analysis. Se. 
Sigma amplitude of the left ventricle was defined. as t 
sum of excursions of the seven basic areas located around tl 
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FIGURE 2. Relation of the echocardiographic ejection (itio end the 

modified circumferential fiber shortening velocity to the clinical sev 

of acute infarction in groups 1, 2 and 3. Circles = posteroinferior : in- 

farction; * = died; triangles = = anterior pren circ = circumferences; 
NSS = not significant, Ms i ESNA 
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| (PW1 to PW3; id Ai ss AWE Fig: 1), 
expressed as percent of the sum of the means of the cor- 
re onding seven systolic amplitudes of the normal left ven- 
: -. tricle. ‘The normal mean value? is 46 mm. 

-~ Sigma amplitude of the uninvolved regions was defined 
EN | the sum of the wall excursions of two to four uninvolved 
_ regions (belonging to some of the seven basic areas, Fig. 1), and 
exp pressed as percent of the sum of the normal wall motion 
amplitudes at the respective sites.? The number of sites 
ee jected to analysis here varied somewhat since in a few cases 
t the ‘infarcted area clearly extended up to the “uninvolved” 
E re Particularly during the initial days of infarction ischemic 
zone asynergy surrounding the center of infarction may en- 
- compass large areas.!2:!3 Events in such border areas do not 
indicate function of the noninfarcted segments. 

_ Echocardiographic performance index was designed to 

Pe ombine both regional and overall pump function. It was de- 
v fi ned as the sum of the percent sigma amplitudes from the 
"4 seven basic regions plus the ejection fraction value. 
| In the 24 patients studied serially the echocardiograms 
- taken on the 2nd or 3rd day were used for analysis since overall 
“left ventricular function is poorest at that time.’ The other six 
- pe tients were studied only once, on the 1st or 2nd day of 
po care. 

E. The statistical programs of the Hewlett-Packard 9810A 
- calculator were applied to the data. The t test for means was 
for statistical assessment of differences between groups, 
4 ind the two-variable regression estimate was used for cor- 
$ relative studies of the different variables. 


Left Ventricular Pump Function 
_ Although the left ventricular end-diastolic and end- 

- fiber shortening velocity were abnormal (P <0.005) in 
“each clinical group, the groups did not differ from each 

Fig. 2). Ejection fraction correlated best (but not sig- 
nificantly) with clinical state (Fig. 2). 

i _Infarcted region: Contractile function of the in- 
- farcted areas was drastically impaired in all patients, 
$ groups. Excursion of the infarcted posterior wall was 

only 0.6 + 2.0 mm (mean + standard deviation) (P 
E doxical systolic motion of —3.6 + 1.6 mm (P <0.001). 

The velocity of the infarcted segments remained zero, 


p E im | Results 

; _ systolic volumes, ejection fraction and circumferential 
other because of wide overlapping of values (Table I, 
Regional Function 

and there were no clear differences among the clinical 

: ^ <0. 001), and anterior wall infarction resulted in para- 
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with the exception of nad: with Sedo DP 
in group 1 which manifested marked hypokinesia fe Er 
+ 8.8 mm/sec). 
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Noninfarcted region: In the uninvolved Ni X 
region the amplitude and velocity of systolic wall motion © 


as determined from single points were within normal | 


ranges in the three groups, except that values for pos- 
terior wall excursion were lower in group 3 than in group 


2 (Table II). However, in the anterior wall function of- 


the noninfarcted segments, as assessed from the seg- - 


ment AW1 to AW4 with the greatest amplitude, was 
similarly enhanced in all clinical groups (Table II). 
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FIGURE 3. Sum of amplitudes from uninvolved left ventricular regions. 
Performance of the uninvolved myocardium measured from several 
segments correlated inversely with the severity of myocardial infarction. 
Supernormal function took place in patients with uncomplicated in- 
farction (group 1), whereas in patients with a severe clinical course 
(group 3) the compensating capacity appeared remarkably inadequate. 
Symbols as in Figure 2. 


\mplitude (mm) of the Wall Motion at the Single Noninfarcted Segment Showing the Most Vigorous Motion 
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Group 2 8.8+1.1 pee 
roup 8 t1. E 7.4 t 1.3 5 
P «0.025 
Group3 6.9 + 1.3 : 7.8* 2.0 3 
Total  . 7.7 * 1.5 7.8: 1.7 
Naat e 2d 42 4.9 * 1.6 (AW y ; 42 P «0.01 
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Echocardiographic performance indexes: The 
regional function determined from multiple left ven- 
tricular segments correlated well with the clinical se- 
verity of infarction. The differences among clinical 
groups were significant (Fig. 3 to 5). Mean ventricular 
function assessed from the summed noninfarcted seg- 
ments revealed hypercontractility in group 1 (27 per- 
cent increase) and to a lesser degree in group 2 (4 per- 
cent increase), and was greater than normal in 40 per- 
cent of all 30 patients (Fig. 3), but was reduced in group 
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FIGURE 4. Summed regional wall motion amplitudes from the seven 
standard regions, including both the uninvolved and the infarcted seg- 
ments. “Total” regional function always remains subnormal in acute 
infarction, and uninvolved regions fail to make full compensation even 
_in cases of uncomplicated infarction. Their performance correlates 
significantly with the clinical severity of the infarction (above) (100 
percent amplitude — normal segment function) and with the ejection 
fraction (below). Nonsurviving patients had the poorest segment 
function. Symbols as in Figure 2. 
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3 (21 percent decrease) (Fig. 3; r = —0.76, P «0.001). . 
The reduction of “total” left ventricular segment . 
function became evident in the assessment of the per- - 
cent sum of amplitudes from the seven regions. Such - 
function was decreased 22 percent in group 1, 45 percent - 
in group 2 and 65 percent in group 3 (Table I; Fig. 4;r - 
= —0.79, P <0.001). The same sigma amplitude analysis . 
also correlated with ejection fraction (Fig. 6; r = 0.60, - 
P «0.001). Combining the segment analysis and the | 
ejection fraction (echocardiographic performance . 
index) resulted in a similar ability to: discriminate — 
among clinical groups (Fig. 6; r = —0.70, P <0.001). — NE 
Nonsurvivors PS 
Four patients died in the hospital because of severe . 
left ventricular failure. All had a large anterior infarc- : 
tion, with the serum lactic dehydrogenase peak levels - 
exceeding 1,000 international units (IU)/liter. Their . 
values for ejection fraction and regional contractile - 
function were the lowest in group 3 (Fig. 2 and 4), and. 
they were classified in a “risk” category of patients with - 
an ejection fraction of less than 30 percent in association - 
with regional contractile function of less than 50 per- | 
cent. Two patients in group 2 had values within these : 
limits but function of their uninvolved myocardium was 
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FIGURE 5. Echocardiographic performance index, combining the - 
summed regional function and the ejection fraction, correlated with the _ 
clinical course. Reduction of the index by more than one third is seen 
in every patient in group 3, and the nonsurvivors again show the poorest | 
values. Symbols as in Figure 2. TOM 
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. remarkably normal (93 and 94 percent, respectively, 
_ whereas that of the patients who died was depressed 
po 3). Thus, the echocardiographic performance index 
_ did not exceed one third of normal in any nonsurvivor 
. and was higher in the surviving patients (Fig. 5). In 
_ these four nonsurviving patients the excursion ampli- 
- tude of the noninfarcted segments remained subnormal 
1.(6.8 + 1.0 mm; P «0.01) even when measured from 
. single points. 
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-. Laboratory Findings 

i . Lactic dehydrogenase elevation (more than 190 IU/ 
' liter) was related to the clinical assessment of severity 
_ of the infarction: The mean values in clinical groups 1, 
_ 2 and 3 were, respectively, 581 + 100, 754 + 259 and 


ns 


11117 x 410 IU/liter (r = 0.63, P <0.001). The catechol- 


| amine excretion value determined from 17 patients was 
_ highest on the 2nd day. These metanephrine values 
_ were similarly elevated in groups 1, 2 and 3 (7.3 + 1.8, 
|. 9.6 + 2.9 and 8.5 + 1.3 umol/liter, respectively; normal 
upper limit 4.1). 
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E Discussion 
_ Overall Left Ventricular Function 


The echocardiographic measures of overall pump 
_ function were abnormal and values widely overlapped 

in each clinical group. This observation in acute myo- 
$ cardial infarction is in agreement with findings of oth- 
certes and with the fact that direct hemodynamic in- 
_ vestigations permit clear separation of patients only in 
_ cases of severe left ventricular failure and cardiogenic 
-shock.L17-21 
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Values for ejection fraction and circumferential fiber 
shortening velocity must be interpreted with great 
caution when derived from single beam echocardio- 
grams because of the asynergic contraction of the in- 
farcted ventricle. However, such systolic asynergy does 
not influence measurement of end-diastolic ventricular 
volume.5?? Further, the ventricular enlargement ob- 
served in acute infarction by echocardiography has re- 
cently been confirmed by scintiphotographic meth- 
ods.? Our data thus indicate that a clinically uncom- 
plicated infarction may mask an unstable hemodynamic 
state. Many clinical-hemodynamic studies?? have shown 
that more than 50 percent of patients without clinical 
signs of left ventricular failure on admission have vari- 
ous manifestations of latent cardiac failure. 

In our patients with severe myocardial infarction 
(group 3) two factors probably modified left ventricular 
volumes: there were relatively more women (4 of 10) 
than in the other patient groups, and 6 patients had 
infusions of dopamine during the study. Dopamine 
greatly decreases ventricular diameter and augments 
ejection fraction in acute myocardial infarction.24 These 
factors, and perhaps patient selection to the intensive 
care unit within group 1, may explain why the echo- 
cardiographic index for overall pump performance in 
relation to the clinical severity of infarction had a 
weaker discriminating value than has been proposed by 
others, 15.25 


Regional Myocardial Performance 


In contrast to the wide overlap among groups in the 
variables of overall pump function, the multiple regional 
function indexes differentiated the three clinical groups 






FIGURE 6. Performance of nonin- 
farcted myocardium and pump 
failure. In acute myocardial infarc- 
tion overall pump function is related 
not only to size of the infarct but 
also to performance of the nonin- 
farcted muscle. A, healthy myo- 
cardium (white areas) is able to 
augment its systolic contraction 
proportionately to the size of the 
acute infarction (black areas). B, 
when the noninfarcted myocardium 
has been previously involved by fi- 
brotic changes or its perfusion is 
restricted because of multiple cor- 
onary vessel disease, the normal 
compensatory action of the ‘‘unin- 
volved" segment (dotted area) fails 
to function, even under sym- 
pathoadrenergic stimulation. As a 
consequence, more serious total 
pump dysfunction results. AW — 
anterior wall; ECG — electrocardi- 
ogram; Pe — pericardium; PW — 
posterior wall. pP REDI YA 
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from each other. Assessment of contractile performance 
at the seven standard regions of the left ventricle re- 
vealed an increasing abnormality of performance index 
in parallel with increasing severity of infarction and 
poorer prognosis. 
— This index encompasses both performance of the 
noninfarcted regions and extent of the infarct zone. 
Consequently, its correlation with the clinical course 
-may be partly related to a greater frequency of extensive 
anterior wall infarction among patients with pump 
failure than among those with uncomplicated infarction 
(Table I).426-?? Similarly, regional function at a given 
level of ejection fraction is better in posterior than in 
anterior infarction (Fig. 4). However, the contribution 
of infarct size to the performance index cannot be the 
sole explanation for our findings (Fig. 3). Function of 
the noninfarcted myocardium alone also correlated with 
the clinical group. Function of the noninfarcted regions 
was hypercontractile in patients with uncomplicated 
or moderately severe infarction but remained depressed 
in those with severe infarction and pump failure (group 
3). This finding is in contrast to the suggestion of Ma- 
_ they et al.2% that even in severe infarction the nonin- 
farcted myocardium compensates. Our direct data on 
segmental myocardial function in pump failure con- 
tradict their statement. Although Wharton et al.?? re- 
ported severe deterioration of the noninfarcted poste- 
- rior wall motion even in the absence of clinical evidence 
- of left ventricular failure, their observation is difficult 
-to explain because more epicardial than endocardial 
- posterior wall echoes probably were recorded in that 
study.?? 

In experimental myocardial infarction there is good 
evidence that operation of the Frank-Starling mecha- 
nism becomes readily apparent.!?3? As the size of the 
ischemic zone increases, healthy myocardium is able to 
respond with increasing systolic myocardial shortening. 
In human myocardial infarction this physiologic com- 
pensation operates too: Exaggerated normal function 
was seen in 40 percent of our series, but our data also 
indicate that the expected compensation often fails in 
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This dysfunction is probably due to preexisting myo- 


(Fig. 6).431-34 The demand for compensatory hyper- 
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patients whose condition progresses into pump 1 á 
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cardial changes or to triple vessel coronary artery dis- — 
ease supplying limited flow to the “uninvolved” regions — 
function may also rapidly exhaust the enzyme systems .— 
of the myocardium.*° eae ea 
The observed hypokinetic function was documente 
despite the inotropic therapy given at the time of study oe 
to 7 of the 10 patients with severe infarction (group 3). 
Too, catecholamine excretion rates did not differ among — 
the groups, so that the sympathoadrenergic drive was | 
not smaller in the group in the poorest clinical condi- 
tion.2! Increased wall stress would also not provide an — 
explanation since the end-diastolic volumes did not va ry ves 
systematically (Table I). EVO. 
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Clinical Implications UNE RR a 

The preceding data suggest that in hemodyna mically — 
severe myocardial infarction failure of the noninfarcted  . 
myocardium to compensate for the infarcted muscle ` 
mass is of importance. In agreement with this conclusio MAC 
is an earlier observation that failure to increase strok S d 
work significantly in response to the stimulus of intra- | 
venously administered norepinephrine indicates a 200; Y" 
prognosis.! We suggest that dysfunction of the “unin Pus 
volved" regions contributes significiantly to poor p imp | 
performance in severe myocardial infarction and is. RE 
factor to be considered when planning emergency car- | 
diac surgery for cardiogenic shock. pie SU 

Ventricular segment function of the healthy m ON 
cardium was supernormal in patients with uncomp! ESE, 
cated infarction. In such patients the uninvolved are as i 
probably consist of healthy myocardium. However VM 
these segments seem to respond unnecessarily vigor- | 
ously to sympathoadrenergic stimulation induced by | 
pain, fear or ischemic damage.?6 In these patients par- - 
ticularly the use of beta adrenergic inhibition should. 9.34 
considered to protect the ischemic myocardium from | 
the energy costs of overcontractile myocardial func- = 
tion. 1213:24 BAY E. 
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of coronary atherosclerosis ie aie us infarction: E 
aggregation in response to suboptimal doses of aggregating a 
as adenosine diphosphate (ADP) and collagen have been fo 
tients with previous myocardial infarction! or angina pec 
hyperaggregability has also been demonstrated in patients 
mellitus! or hyperlipidemias,? conditions associated w 
thrombotic vascular disease. Increased numbers of cir 
aggregates have been demonstrated in patients with trai 
attacks, myocardial infarction and acute peripheral zas 
Platelet aggregates are also conspicuous in the small i: 
vessels of patients who die suddenly of myocardial infare 
experiments have demonstrated that transient ADP-inc 
aggregates in the myocardial circulation of pigs cause isc 
infarcts and fatal arrhythmias.? 

Platelets contain heparin neutralizing activity, whi 
storage organelles of human platelets and is released i 
normal clotting and during in vitro aggregation with AD 
collagen.!9-!4 Utilizing a new assay to measure plasm 
tralizing activity derived from platelets, we present addition. 
for a role of platelet aggregation in coronary artery diseas 


| Material and Methods 
Methods 


poor plasma Was Sii bs amr ua at | 000 X z or 10 
temperature within 2 hours of sample collection; it had 
than 8,000/mm?. The plasma was separated and kept at — 
until assay, usually within 2 weeks. | MM 
The assay system for measuring heparin. neutralizing 
cation of the heparin-thrombin clotting time procedur o 


ml of test plasma, € 0. 10 mi of subst rate plasma pooled 
ial donors) and 0.0! 





alized per milliliter of plasma. The larger the 
rin required to prolong the clotting time to 
'onds, the greater the antiheparin activity of 


me determination with saline solution sub- 

arin in the reaction mixture is performed with 

a.to ensure that the test plasma does not 

iting time in the absence of heparin; such 
scarded. 


dial infarction: Plasma heparin neutral- 

as measured in 28 patients who manifested the 
emical and electrocardiographic changes of 
ial infarction. Samples were drawn the morning 


na pectoris: Plasma heparin neutralizing 
sured on the morning after admission in 32 
to a coronary care unit with unstable angina 
atients had crescendo angina of severe de- 
association with transient S-T or T wave 
ctrocardiogram but without evolution to 
ion and without serum enzyme changes. 
nary artery disease: Plasma heparin neu- 
was determined in 33 patients who entered 
ective coronary bypass surgery. All patients 
id.severe angina pectoris but were in stable 
the time of hospitalization. In each case the extent 
ery disease had been demonstrated by angi- 


pulation: Sixty healthy subjects, consisting of 
l, office patients undergoing routine annual 
tions and patients admitted to the hospital 
pedic surgery, constituted a control popu- 
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clinical disseminated inti 


‘Statistical a 


. are expressed as m. 


Results were analyzed for significance with t] 
Results = 

Values for plasma heparin neutralizing ac 
patients with coronary artery disease are sho 
Figure 1. Activity was significantly elevated a 
control levels in patients with myocardial infa 
(0.16 + 0.014 [P «0.001]) or acute coronary insuffi 
(0.13 + 0.009 [P <0.005]). The difference between thes: 
two groups was not statistically significant. Patient: 
with angiographically proved coronary arte 
had a mean plasma heparin neutralizing activit 
+ 0.011, which was significantly higher than 
levels (P «0.001). The 11 patients with one or 
coronary artery disease had a mean plasm 
neutralizing activity of 0.17 + 0.012; the corre: 
value was 0.21 + 0.019 in the 12 patients wit 
vessel disease. The difference between these two gro 
was not statistically significant. FL 


Discussion i vem 
Our study, using a sensitive assay , confirms pre 


reports of elevated plasma heparin neutralizing act 
levels in patients with myocardial infarction.!7.15 
have also demonstrated increased plasma hepa 
neutralizing activity in patients with acute coronar 
insufficiency or stable arteriographically confi 
atherosclerosis. Thus, increased plasma heparin 
tralizing activity appears to be a characteristic feati 
of coronary artery disease irrespective of its clini 
presentation. In contrast, we have found normal or re 
duced plasma heparin neutralizing activity in patier 
with a variety of other conditions, including acute leu 
kemia, polycythemia vera, chronic myelogenous le 
kemia, essential thrombocythemia and idiopat] 
thrombocytopenic purpura. !? E 
Heparin neutralizing activity and platele 
aggregation: In in vitro systems the amount of hepari 
neutralizing activity liberated is closely related | 
degree of platelet aggregation.!?-1* This relation has 
been confirmed in our assay system in which 30 percen 
platelet aggregation leads to a doubling of hepar 
neutralizing activity, and 100 percent aggregation le 
to a threefold increase in heparin neutralizing acti 
released into plasma. Disruption of. platele 


freeze-thawing also leads to a marked incr | 
arin neutralizing activity released into pla 
It is likely that plasma heparin neutrali 


+.. 


closely parallels the degree of bot 


tory ee 





ng activity may be. 

f platele pyperssnsitiety i | to a pital 
8 of aggregating agents. Both phenomena have 
served in myocardial infarction, angina pectoris 

iabetes mellitus.!-517.15? 
Role of platelets in coronary artery disease: Many 
the transient ischemic attacks in the cerebral and 
almic. circulation appear to be directly due to 
escent platelet thrombi.?>?3 In a similar manner, 
ing platelet aggregates may play a role in acute 
ary insufficiency, particularly in young patients 


zymes une Pager and bolies and 
platelet aggregation may significantly co 


onset of coronary. 


insufficiency and oc 


finding of increased. plasma heparin n 
tivity in acute coronary insufficiency, n | 


support for a ie of ele in the pa 
coronary artery disease. | 
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The spectrum of coronary arterial involvement is described in 42 patient: 
with hemodynamically proved idiopathic hypertrophic subaortic stenosi 
Of nine patients with significant coronary arterial involvement, s 
atheromatous disease and three had coronary arterial anomalies 
hemodynamic and clinical features of patients with coronary arteria 
volvement did not differ significantly from those of patients with norma 
coronary arteries. Neither the severity nor the character of the chest pai 
distinguished those patients with coronary disease. The diagnostic 
electrocardiographic features of myocardial infarction classically seen 
in patients with idiopathic hypertrophic subaortic stenosis were not p 

in the 9 patients with coronary arterial involvement but were found in 
of the 33 patients with normal coronary arteries. The data demonstra e 
a significant incidence of coronary arterial involvement in patients w 
idiopathic hypertrophic subaortic stenosis after age 45 years. 


Angina pectoris and a systolic murmur have been associated : 
diagnosis of idiopathic hypertrophic subaortic stenosis since the latt 
was recognized in the 1950's. Cardiac catheterization studies h: 
lineated the broad spectrum of the hemodynamic and angiograp 
features of this condition? resulting in the recognition of many ne 
cases. The use of noninvasive techniques such as carotid pulse tracing 
and echocardiography?-? has improved selection of patients for cardiac 
catheterization and further contributed to the improved rate of recog 
nition. Several reports?-!? have described the clinical, hemodynan 
angiographic, electrocardiographic and pathologic manifestations 
idiopathic hypertrophic subaortic stenosis but little mention has h 
made of associated coronary artery disease. Most of the early patie 
identified as having idiopathic hypertrophic subaortic stenosis w 
young, in the second and third decades of life, and several repo 
phasized the presence of large normal coronary arteries.? Greate 
awareness of the condition, the use of provocative maneuvers 
understanding of hemodynamic features (such as systolic a 

valve movement) and use of noninvasive methods have sin 

in the diagnosis of many patients in the fourth to six decade: 

are more likely to have coexisting coronary artery diseas 
demonstration that large Q waves suggesting myocardi 





s for cardiac catheterization were a heart murmur (16 

), chest pain (12 patients), chest pain and a heart 

ir (7 patients), heart failure (5 patients) and syncope 
atients). The diagnosis of idiopathic hypertrophic sub- 
tic stenosis was established when, in addition to a left in- 
ntricular pressure gradient at rest or after infusion of 
proterenol hydrochloride, one of the following was found: 
positive Brockenbrough response at rest or after infusion 
proterenol, (2) angiographic demonstration of systolic 
terior movement of the mitral valve, or (3) echocardiogra- 
lemonstration of systolic anterior movement of the mi- 

alve and septal hypertrophy. To avoid a misdiagnosis 
'ause of a spurious left ventricular gradient caused by 
er entrapment, the diagnosis was considered established 
vhen the patient had a significant intraventricular 
'ssure gradient (more than 35 mm Hg) and at least one 
itional criterion. Whenever possible, the intraventricular 
ent was compared with data from pressure recordings 
om both the inflow and outflow tracts of the left ventri- 


ventricular cineangiograms were obtained either in 
iplane mode or in the single plane mode with right and 
interior oblique views. Multiple selective right and left 
onary arteriograms were obtained with the Judkins tech- 
ue in each patient; visualization of the coronary arteries 
1 aortograms was not accepted as adequate. Mitral in- 
mey was assessed from the angiograms on a scale of 0 
'he clinical records were analyzed by an independent 
r without knowledge of the hemodynamic and angio- 

c data. 
vectorcardiographic diagnosis of anterior or dia- 
atic myocardial infarction was made using the criteria 
et al.!718 The electrocardiographic diagnosis of an- 


cme 


data 
. . Results | 
Coronary arteriographic findings 
patients with idiopathic hypertrophie suba 
who underwent selective coronary arteriog 
were 6 with significant atheromatous cor 
and 3 with coronary arterial anomalies (Tabl 
the six patients with atheromatous dise 
(75 percent or more) coronary stenosis wa 
vessel in three patients, in two vessels i 
and in three vessels in one patient. No p: 
volvement of the left main coronary arte 
remaining 33 patients had insignificant 
compromising less than 50 percent o 
lumen. Three patients had a coronary : 
(Fig. 1). In Patient 7 the left circumfle: 
arose from the ostium of the right coroi 
right coronary sinus. In Patient 8 all: 
arteries arose from the right coronary sint 
9 the right coronary artery arose from 
coronary artery; no ostium was presen 
coronary sinus. T'wo additional patien 
abnormalities involving displacement ot 
onary ostium to the superior portion o 
nary sinus. | i 
Correlation of arteriographic and cli 
No significant difference in age, maximal 
pressure gradient, presence of mitral ins 
incidence of angina, cardiac failure or s 
when the 33 patients with normal coron 
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cal, Hemodynamic and Angiographic Data in Nine Patients with Coronary Arterial Involvement 
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IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS—WALSTON AND BEHAR (atti itt : | 






s compared with the 6 patients with atheromatous coro- 
= nary disease (Table II). Likewise, left ventricular end- 


_ evidence of left ventricular hypertrophy did not differ 
significantly between the two groups. However, the 

_ great difference in size of the two patient groups reduces 
_ the value of these statistical comparisons. Analysis of 
© the clinical and electrocardiographic data revealed no 

— characteristics that identified patients with ather- 
Ee omatous coronary disease or anomalies. Four patients 


— with coronary disease had typical angina, one had aty- 
-. pical angina and one had no angina. T'wo of the three 
_ patients with anomalous coronary arteries had typical 
- angina and one had atypical angina. Of the 33 patients 
P ‘without coronary disease, 22 had typical angina, 3 had 
- atypical angina and 8 had no angina. 
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- diastolic pressure, cardiac output and angiographic: 





Electrocardiographic and vectorcardiographic criteria 
for infarction were met in 8 of 33 patients with normal 
coronary arteries but in none of the patients with cor- 
onary disease. In three patients with normal coronary 
arteries and without a history of chest pain electrocar- 
diographic criteria for diaphragmatic infarction were 
met. A history of previous myocardial infarction was 
present in 2 of 6 patients with coronary disease and in 
5 of 33 without coronary disease. Patients with coronary 
disease were somewhat older (mean age 53 years, range 
45 to 64) than patients with normal coronary arteries 
(mean age 46 years, range 23 to 69), but the differénce 
was not significant. Significant atheromatous coronary 
disease was not found in any patient less than age 45 


years but was present in 6 of the 25 patients aged 45 
years or more. 


FIGURE 1. Representative cineangio- 
graphic frames (left), with explanatory 
diagrams from the three patients with 
coronary arterial anomalies. Films in 
Cases 7 and 9 are shown in the right 
anterior oblique view, in Case 8 in the 
left anterior oblique view. C — injection 
catheter; LAD = left anterior de- 
scending coronary artery; LC = left 
circumflex artery; LCS = left coronary 
Sinus; ML = main left coronary artery; 
RC = right coronary artery; RCS = right 
-coronary sinus. E TN 


ro Reserve rrr ier Sama hi anta, ot 


jare was no significant difference between groups in any of the six variables (P >0.05, Student's paired t test). 
radient = = peak to peak maximal left ventricular gradient; MR = mitral regurgitation. 


Discussion 


existing coronary artery disease: The presence 
onary arterial involvement has received little at- 

ion in the previously reported series of patients with 
diopathic hypertrophic subaortic stenosis. 9-13 Several 
ecent texts make no mention of the possible coexis- 
fthese conditions.2*4 Three previous reports! *- 

ribed a total of seven patients with electro- 

ic features diagnostic of myocardial infarction and 
mal coronary arteries. These patients ranged from 

o 40 years in age; only one was older than 30 years. 
ese early reports emphasized the common occurrence 
electrocardiographic changes diagnostic of infarction 
young patients with idiopathic hypertrophic sub- 
ic stenosis and normal coronary arteries. Gulotta 

al. reported on 10 patients with disabling angina 
ris who were found at cardiac catheterization to 
idiopathic hypertrophic subaortic stenosis and 
cant coronary artery disease. Eight of these pa- 
had a history of myocardial infarction and three 
| ectrocardiographic evidence of infarction. All of 
ese patients were over age 45 years (mean 52 years, 
46 to 69). The authors could identify no clinical 
:modynamic features to distinguish the patients 
oronary artery disease. Epstein et al. 26 in a recent 

w of asymmetric septal hypertrophy reported that 

ji ologic examination of 20 patients with subaortic 
tenosis revealed 7 with greater than 50 percent coro- 
ar open stenosis; however, these workers did not 


mber: “of patients with significant (more than 75 
cent) coronary stenosis. In another 55 year old pa- 
nt with idiopathic hypertrophic subaortic stenosis 
idc ardial infarction, 27 a significant right 
esion was demonstrated at catheterization 
atient underwent a si Sone B and a 


al syndrome. | 
m les: Anomalies of the coronary 


hypertrophic. subaortic 


trophic subaortic stenosis may be deli 
coronary arteriographic data become 
recognition of idiopathic hypertrophic 
nosis in stillborns shows that it can occ 
age. Since patients with coronary anom 
from early development one may spe 
is a causal relation between the two di 
the relation of the coronary anomaly to 


Clinical implications: Our dataa re 
incidence rate of atheromatous coron 
iopathic hypertrophic subaortic stenos 
of age to the incidence of coronary $ 
strated by the 24 percent incidence 
involvement in patients more than 45 
compared with the 0 percent inciden le 
patients. Insignificant coronary steno: 
percent) was found in three additional 
have contributed to their anginal pain. | 
with less than 75 percent stenosis ma 
namically significant in patients with 
cardium. However, one may speculate 


nosis, who have a greatly thickened le 
and papillary muscles and increased r 
consumption as a result of the intrave 
gradient and mitral insufficiency. " 
contribution of occlusive coronary diseas 
pain in patients with idiopathic hype 
stenosis may be significantly greater 
appreciated although, this hypothesi 
with available data. — ie 

The clinical response to propranc kk 
patients with idiopathic hypertropk 
may be partly related to the reductio 
caused by atheromatous coronary 
lection of appropriate surgical « or med 
be Mito byak Pledge of th 


act. iret of 2. be byp 





ary. disease in our 42 patere suggests 

on and evaluation of medical or surgical 

ild be facilitated by knowledge of the coro- 
y particularly i in patients over age 45. 
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RD C. HUGHES, VMD 
OR. NEELY, PhD 


ischemic (coronary flow reduced from 167 to 85 ml/mi 
were compared with 14 additional hearts (6 control and 8 

no supplements (glucose 8.6 mM, no excess insulin). In he 
supplements, ischemia significantly decreased me shanic 
myocardial oxygen consumption, fatty acid oxidation 
energy phosphate stores. Glucose consumption wasr 
micromoles (umol)/hr per g (before ischemia) to 58 umo 
<0.05), presumably from inhibition at glyceraldehyde- 
hydrogenase. Data for control hearts with excess glucose 2 
similar to data in control hearts without supplements exce 
consumption and glycolytic flux were increased. Ischemi 
hearts, as compared with untreated ischemic hearts, ef 
significant decreases in myocardial oxygen consumption, fat 
dation and high energy phosphate stores and resulted in great 
in mechanical performance and in 10 minutes’ less aver 
Glucose consumption was reduced from 483 (before 
umol/hr per g (P <0.005) and inhibition at glyceraldeh 
dehydrogenase was again noted. Thus, excess carbohy 
hormone, when infused directly into the ischemic myoca 
provide an efficacious increase in either glycolytic fli 
duction. These findings suggest that an alternative ex 
reported efficacy of glucose-insulin-potassium infusions mt 


In 1961, Sodi-Pallares! described an early treatme 
ischemia that consisted of an intravenous infusion of 
larizing" solution containing excess glucose, insulin 
rationale for this therapy was to replace intracell 
during myocardial ischemia and to accelerate 
through the provision of additional glucose and 


cardiographic changes, congesti À 

ever, confirmation of these early result 

of most other clinical trials have been d 
rants from he.. cently reviewed the wide variance in c 
rt Association, a 





strated histochemically 
0 ll integrity, greater stores of 
cogen and less total depletion of myo- 
eatine phosphokinase in glucose-treated 
et al.,!? studying the metabolic changes 
ir of inducing small infarcts in baboons, 
vements in energy production with glucose 
ut for reasons other than increased glyco- 
they could not demonstrate in infarcted 
tto et al.!? found neither protection nor in- 
colysis in ischemic rat hearts treated with 
nd insulin, but they were using an isolated 
tem in a species far removed from man at se- 
of coronary flow restriction. 
arities underscore the lack of understanding 
arbohydrate utilization in ischemic heart 
tent of energy production possible from 
'Colysis and the benefits that may derive 
rapy. This study was designed to evaluate 
isms of regulation in glucose consumption 
dial ischemia using in situ working swine 
with whole blood. Availability of glucose 
s maximized in selected groups of hearts 
aration of metabolic changes. Free fatty 
rovided at comparable levels in each 
as additional substrate. Total reductions 
v; which were controlled and regulated 
y, were kept small, as judged by previous 
sponses, to avoid irreversible tissue 
could obscure the potential for biologic 
ness. Global ischemia was induced to improve 
geneity of blood and tissue samplings from 
arts. 


Methods 


wine of either sex, weighing 32.7 to 56.8 kg 
z),; were studied after anesthesia with sodium 
mg/kg body weight) and the establishment 
itive pressure ventilation using 100 percent 
determinations of the animal’s arterial pH, 
of oxygen and carbon dioxide and carbon 
"power were obtained throughout each 
dequacy of ventilation and acid-base balance. 


ischemia in the intact working swine heart 
1 described previously.!4 After bilateral 
ranssternotomy, right heart bypass from 

ie pulmonary artery was constructed with 
systemic cardiac output maintained by 
roller pump (no. 6002). The circuit was 

: of heparinized fresh whole blood from 

ry perfusion was established using 

he right ventricular drainage 

tht coronary arteries at flow 


sodium chloride 118; po 
5; magnesium sulfate 1 


pany) with t 
) of uniformly labeled ; 
and Nuclear Corporation) was 
ng the fatty acid to an aqi 
Absolute ethanol was add. 
id dissolved, and the etha 
esulting soap solution by: 
ther warming on a hot plate. The soap was redissolved i 
small volume of warm saline solution and combined slo: 
with 10 percent albumin (Pentex, fraction V). The fa 
acid-albumin solution was dialyzed overnight ag: 
Krebs-Henseleit buffer and added to the washed rec ib 
cells on the day in concentre 
of 4 2/100 ml a 


Measurement of Hemodynamic Performance 
of the Heart 


Heart rate (atrially paced using a Medtronic 5880A pace 
maker on demand mode), coronary blood flow, cardiac ind. 
(determined from the flow rate of the right heart bypas: 
perfusion pump normalized by animal weight in kilograms) 
aortic peak and average systolic pressures, left ventric 
end-diastolic pressure and pressure time per minute we 
determined at 10 minute intervals during control perfusion 
and at 5 to 10 minute intervals during ischemic perfusion 
Pressures were measured from Statham P23db. press 
transducers connected to short fluid-filled catheters 
into the central aorta and left ventricle. Pressure time p 
minute was calculated from the formula: B 


Pressure time per minute (mm Hg - sec/min) = averag 
aortic systolic pressure (mm Hg) x ejection time (se )^ 


X heart rate (beats/min) 


Metabolic Determinations AE 
Oxygen consumption was calculatec 


-Coronary circuit routine 





: ransport D n 
VO; (mmol/hr per g dry weight) = arterial — venous 
gen tension (A mm Hg) X solubility of oxygen at 37° 


* (ml/m| H;O) X coronary flow (ml/hr)/22.4 (ml/ 
al) x dry weight of heart (g) X 780 (mm Fg) 


values separately calculated for hemoglobin trans- 

d plasma transport were summated for total MVOs. 
ptake of fatty acids was estimated from the clearance of 
^] palmitate from the labeled perfusate. Samples of ar- 
nd venous blood were collected at 10 or 5 minute in- 
s and centrifuged, and an aliquot of serum was used for 
etermining radioactivity due to !*C-palmitate. After removal 
f carbon-14 dioxide (14CO5), more than 90 percent of the 
rum radioactivity was extractable by chloroform of Doles 
ent and was therefore present as long-chain fatty acids. 
arate studies it had been determined that the radioac- 
ient in the aqueous phase after fatty acid extraction 
inted no more than 8 percent of the remaining radio- 
itv even after 2 hours of perfusion and no more than 2 
cent of the radioactivity added initially as U-!4^C palmitate. 
ange in the amount of aqueous soluble radioactivity be- 
n arterial and venous samples could not be detected. The 
atty acid content of serum was determined by the col- 


coronary flow was used since the arteriovenous differ- 
of labeled fatty acids from the red blood cell fraction 

ere the same as for serum. 
e rate of fatty acid oxidation was estimated by mea- 
ng !*COs production from [U-14C] palmitate. Blood 
les for CO analysis were collected under heptane. One 
lliliter of whole blood was transferred to a 25 ml Erlenmyer 
-containing 1.0-ml of 12N hydrogen sulfate in the bottom 
the flask and 0.4 ml of hyamine hydroxide in a plastic cen- 
bucket suspended from the stopper. After the blood and 
vere mixed, the samples were allowed to stand for 2 hours 
re the buckets were removed, placed in 10 ml of toluene 
ntillator and counted in a Beckman 150 liquid scintillation 
nter. Corrections for quenching were made by the chan- 
method.!? Fatty acid oxidation was calculated as: 


FFA/hr per g dry weight = venous — arterial- 
unts/min per ml) X coronary flow (ml/hr)/1/2 


sumption, expressed a: 
heart (g). ^ ^ ee 
Transmural sections of ventricular m 
immediately removed at the conclusion of 
study and frozen between blocks of aluminum 
nitrogen. The frozen tissue was later powdere 
of this were obtained for determination of 
content.!? Additional samples of powder were 
percent perchloric acid, and the buffered su 
used to determine tissue concentrations of er: 
and adenosine triphosphate (ATP), diphosp 
monophosphate (AMP), lactate, pyruvat 
phate, fructose-1,6-diphosphate, triose p 


* 


SI 
glycerol phosphate. Creatine phosphate and 
sayed by the hexokinase, glucose-6-phosphate 
procedure. ADP and AMP were determ 
method of Adam?!; tissue lactate, glucose-6- 
glycerol phosphate by the procedure of Hohors 
by the method of Bucher et al.” and fructose- 
and trioses (glyceraldehyde phosphate and 
phosphate) from the methods of Bucher th 


Experimental Protocol 


The general scheme of our studies was t 
separate experiments the levels of glucose s€ 
glycolysis present in both ischemic and ni 
hearts and to evaluate the changes that occur 
augmented glucose and insulin availability. 
ability to the myocardium was also providec 
levels in all groups. Control coronary flow leve 
initially by measuring right ventricular. 
maintained for 60 minutes in 15 hearts (9 per 
concentrations of glucose and insulin and 6 w 
or hormone augmentation). In 17 hearts (9 p 
cess glucose and insulin and 8 without enric 
coronary perfusion was maintained for 20 
critically restricted over a 10 minute period 
ductions in total flow of 49 and 46 percent 
minute period of control perfusions in these 
adequate mixing of the various ingredients 
central loop volume and allowed for equili 
cellular and extracellular !*C-palmitate 
achievement of steady state production rati 
oxidation of !*C-palmitate. Gradual rather. 
reductions in coronary flow levels were neces 
preparation sudden large reductions in flow 
resulted in ventricular fibrillation. Mechan 
measurements were obtained for control ant 
and compared in relation to both coronar 
and insulin enrichment. Comparisons w 
and unpaired Student t tests with stat. 
fined for probability values of less than 5. 
were expressed per gram dry weight of ven 
dium. EM 
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ig d 


periods although zation of excess 
carbohydrate may have accounted for the slight de 
in fatty acid oxidation. EE m 
Glucose metabolism was estimated both from gl 
consumption, as determined from the coronary per 
sate glucose levels (Fig. 4), and from gl /'colytic int 
mediates measured from frozen tissue samples of 
myocardium obtained from all hearts at the conclusion 
of each study (Table II). Significant differences i 
cose metabolism were observed between the two contr 
groups. Glucose consumption (Fig. 4) was enhanc 
nearly fourfold (428 versus 120 umol/hr per g with: 
glucose and insulin; P «0.001, at comparable time p 
riods). Tissue glycogen stores were greater (P «0.6 
hearts supplemented with excess glucose and insu 
glycolysis also appeared greater (that is, intermedia: 
of glycolysis [fructose-1,6-diphosphate and trios 
phosphates] were significantly less than in hi 
without supplements) and products of glycolysis 
glycerol phosphate, pyruvate and lactate) weres 
tically or numerically greater. PES 
Tissue concentrations of high energy phospha 
and adenosine intermediates (Table III) were not 
ferent statistically in either nonischemic heart gro 
indicating a similarity in aerobic energy productio 
probably principally from fatty acid metabolism 
Ischemic hearts without excess glucose and in 
sulin supplements: Total coronary flow was reduced 
in this group from 143 to 77 ml/min or 5.07 to 2.7. 
ml/min per g (46 percent reduction, P «0.001). Ve 
tricular fibrillation occurred in three animals before 
completion of the perfusion runs so that the group me: 
survival time was 55.2 + 2.9 minutes or 25 minutes o 
total global ischemia (lower panels, Fig. 1). Heart : 
and cardiac index were controlled throughout the course 
of perfusion to maintain an average peak aortic pre: 
of 94.9 mm Hg (Table I) and a pressure time per mi 
of 2,269 mm Hg sec/min (Fig. 1). Ischémia did eff 
reduction in mechanical performance as reflected by th 
progressive increase in left ventricular end-diasto 
pressure (7.5 mm Hg at 20 minutes versus 15 mn 
55 minutes, P «0.05) and a decrease in ventricula 
veloped pressure (peak systolic-end diastolic p 
88 mm Hg at 20 minutes versus 78 mm Hg at 
utes, P «0.05). Myocardial oxygen consumptior 
creased 18 percent (from 0.80 to 0.66 mmol/hr pe 
<0.01) and was associated with widened arteric 
differences of perfusate oxygen tension 
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milar inhibitions were noted in s metabo- 
E Starting from preischemic glucose consumption 
ues (Fig. 4) comparable with those of control hearts 
jut excess glucose and insulin, ischemia resulted 

a 56 percent reduction in glucose consumption (133 
r per g at 20 minutes versus 58 umol/hr per g at 
nutes, P «0.05). Analysis of tissue concentrations 
glycolytic metabolites (Table II) suggested an inhi- 
on of intermediate metabolism between the triose 
phate and pyruvate steps, that is, lower values of 
ite (P «0.05 as compared with values in control 
without glucose and insulin supplements), and 

er values of glucose-6-phosphate (P «0.05), fruc- 
6-diphosphate (P «0.05), triose phosphates (P 
and a glycerol- phosphate (P «0.001). The most 
location for this ischemic inhibition as suggested 
anoxic rat heart data is at glyceraldehyde-3- 
osphate dehydrogenase.”’ Ischemic changes i in this 
up further included a slight reduction in tissue gly- 
n and significant increases in tissue lactate (P 
and adenosine mono- and diphosphates (P <0.05 
«0.001, respectively) (Table HI), which were as- 
sociated with a fall in creatine phosphate levels (P 


terme pet rt te rrr rn a a err oe http ere 


45 minutes of Ld (P <0. 05). The: cor 
mechanical function was most apparent. fr 


Hg at 20 minutes to 58 mm Hg at 45 minut 
which was greater than that observed ter 
ischemic hearts without glucose and in 


consumption was likewise greater (from C 
mmol/hr per g, —33 percent, P «0.005) (Fi 
bly reflecting both the reduction in oxygen 
the decreased oxygen need from reduced 
performance. 

I nitial balies for free fatty aciduptak 


ischemic group without supplements an d 
in both groups of nonischemic hearts. Fa’ 
dation was oe Sas than i in bd isck 


same “extent is Zi a pom 38 d 
bs hr per g, P <0. "d Piu om 


fourfold prone than in e in (Pig 4) ane ces 
and insulin. As i in the untreated ischemi 


in eee consumption (from 483 4 umol 
minutes to 242 umol/hr per g, P «0.005). 
glycolytic intermediates before glye era 
phosphate dehydrogerias se was. agi i 
6-diphosphate. as CC 





001) and significant elevations of 

no- and diphosphates (P «0.05 and P 
vely) over values in nonischemic hearts 
nents (Table III). There were no differences 
rgy phosphates or adenosine intermediates 
c hearts without additional glucose and 


creased availability of glucose and insulin in 
earts promoted increased glycogenesis and 
t did not further increase energy produc- 
hat of hearts with no added substrate and 
obal ischemia, even though mild to mod- 
unt, caused mechanical failure and elec- 
lity that were correlated metabolically with 
of glucose consumption, fatty acid oxidation, 
of high energy phosphates and buildup of 
metabolites. In this setting, high levels of 
isulin appeared to compromise further 
nd electrical functions and did not cause 
ncrease in either glycolytic flux or energy 
s estimated from tissue stores of glycolytic 

s and high energy phosphates. 


Discussion 


posed efficacy of glucose-potassium-insulin 
he treatment of patients with acute and 
nic heart disease!-? was based on an array 
‘speculations including (1) potential en- 
t of energy production through anaerobic 
5 (2) repletion of intracellular potassium 
t during myocardial ischemia, (3) possible 
hmic properties,?29:39 and (4) restoration of 
sulin reserves that result from cardiac dys- 
Jnfortunately, the early reports of success 
confirmed in any large clinical series, and 
sults and theoretical bases of the treatment 
allenged.9-103233 These contradictions 
ire explanation before glucose-potas- 
olutions can be recommended for further 
id it is hoped that laboratory and clinical 
iow in progress may help to define the 

hat operate therapeutically. 
es to date have not produced agreement 
isms of metabolic action that derive from 
ium-insulin therapy, but certain data 
potassium has only a minor influence and 


: e 

ministered glucose and insulin as- evidencec 
creased intracellular deposits of glycogen, great 
stores of high energy phosphates or less morphologi 
injury in ischemic myocardium. Reasons for these 
findings were unclear, but Opie et al. were unable to 
show increased glycolysis in the ischemic/infarcte 
zones, although improved glycolysis was suggested it 
the nonischemic zones. : 

Global versus regional myocardial ischemia 
model: The presence of accelerated glycolysis could not 
be identified in the ischemic hearts with glucose and 
insulin supplements in our study using a blood-perfuse 
controlled coronary circulation technique inal 
mammalian working swine heart preparation. Possib 
differences between this preparation and the previo 
mentioned models of regional coronary occlusior 
clude species differences, use of a global form of my 
cardial ischemia rather than a regional pattern of un- 
derperfusion, use of an isolated circuitry for control of 
the coronary perfusion in which total coronary flow wa 
critically reduced but not taken to zero flow level inan 
particular arterial circulation, control of substrate a 
hormone levels in the coronary perfusate and direc 
application of the substrate and hormone treatment t 
the ischemic myocardium. e 

The swine heart, unlike that of the rat and dog, 
closely resembles the heart of man and other primat 
in cardiovascular function, size and anatomy and per 
fusion distributions and collateral flow of the coronar 
arteries. ^7? It thus appears useful as an experimen: 
analog to man. The global form of ischemia was chosei 
to maximize the homogeneity of myocardial ischemia 
(although ischemic gradients from endocardium t 
epicardium were no doubt present) and to improve th: 


except in cases of severe multivessel coronary art 
disease. However, experimental studies using coron 
occlusive techniques have demonstrated that in regional 
ischemia a variety of coronary flow patterns and po 
ulations of normal and ischemic cells exist in the area 
of tissue supplied by the occluded artery. Because 0 
heterogeneous distribution of normal, ischemi 
irreversibly damaged cells, it is impossible to sample and 
measure accurately only those metabolic chang 
curring in ischemic tissue and to correlate them w 
reductions in coronary flow. To circumvent tl 
problems of admixture, a global pattern of oxyg« 
privation was developed. The control of leve 

strate media in the coronary perfusate was d 


aid in accurately monitoring subs 





sate on cue: melon or metabolic func- 
inything, at the mild to moderate constraints 
coronary blood flow imposed on the two ischemic 
‘oups, decreases in mechanical performance, that is, 
reases in left ventricular end-diastolic pressure and 
reases in ventricular developed pressure, were more 
ounced in hearts receiving excess substrate and 
one. Similarly, mean survival time was 10 minutes 
1 the treated group. The availability of excess 
ie and insulin in no way altered the significant 
tions in either glucose consumption or free fatty 
xidation that occurred in response to restrictions 
onary flows. As reported from isolated anoxic rat 
7 our swine heart data identified a presumably 
ntical location for obstruction in ischemic glycolytic 
t glyceraldehyde-3- phosphate dehydrogenase, an 
'1Y e acutely sensitive to anoxic and ischemic events 
ng intracellular buildup of lactate, nicotine ad- 
e dinucleotide (reduced form) and hydrogen ion. 
Íyocardial exposure to increased circulating levels of 
cose and insulin did not surmount this obstruction 
zlycolytic metabolism and may in fact have accounted 
yr increased buildup of certain intermediate metabo- 
s (fructose-1,6-diphosphate). 

ffects on energy production: Estimates of energy 
P) production from aerobic and anaerobic glycolysis 
also determined from our data. Previous studies 
shown that in aerobic hearts rates of glucose uti- 
on are dependent on the availability and concen- 
of glucose and insulin in the blood.*9-4? Our data 
cate that this same relation holds true in aerobic 
arts with and without glucose and insulin supple- 
ats. Unfortunately, the contribution of ATP pro- 
tion from glycolysis in anaerobic hearts appeared 
icient to counterbalance favorably the debt in- 

d from reductions in oxygen metabolism. 
total ATP production is calculated from glycolysis 
ig 2ATP for each glucose traversing the Embden- 
rhof pathway and from oxygen consumption using 
O ratio of 3:1, contributions of energy production 
m glycolysis and oxidative metabolism can be esti- 
ed in the two ischemic groups with and without 
SS glucose and insulin. For the purposes of calcu- 
it was assumed that the glucose consumption 
| each group reflected quantitatively the rate of 
lux. In ischemic hearts receiving no supple- 
percent of total ATP production from gly- 
dative sources was, respectively, 6 and 94 
‘ol (preischemic) period and 3 and 
inal point of ischemia; these 


— glycolysis as an ex 


pensating for the ATP lost through re 
dative metabolism, despite the presenc 
and insulin levels. Furthermore, the loss o 
produced ATP may also promote inst. 
transmembrane electrical activity,4 whi 
account for the increased incidence < of is 
rhythmias. : 
Possible explanation for reporté 
glucose-insulin-potassium therap 
present evidence that glucose and insul 
of augmenting energy production throu 
glycolysis in the ischemic myocardium, w! 
explanations exist for the reported benefi 
insulin-potassium therapy? Brachfeld!? ha: 
some possibilities including the multiva 
insulin on cell metabolism and contrac 
portance of potassium in correcting s; 
kalemia if present, and the possible s 
glucose-insulin-potassium action as: 
solution on the ischemic myocardium. T 
dextran and mannitol as blood volume 
clinical and animal studies have shown 
in mechanical function, coronary blood flov 
threshold after increases in serum os 
However, the volumes and concentratioi 
perosmolar agents required to effect these 
are necessarily large and Lesch et al.,? 
infusions sufficient to elevate the blood g 
centration to 300 to 500 mg/100 ml, saw 
ment subjectively or in terms of hemody 
trocardiographic changes in patients ^ 
artery disease undergoing cardiac cath 
our study, the moderate increases in serut 
as expected from blood glucose concent 
mM (478 mg/100 ml) in the coronary perf 
with glucose and insulin supplements, sir 
no improvement in either metabolic 
variables during mild to moderate isc} 
'To these suggestions may be added 
indicating that insulin as such is essen 
proper glucose metabolism, but. also” 
tramyocardial protein synthesis and foi 
lysosomal activation and release of hy 
into the cytosol.42-5° Such antiinflamm 
may be advantageous in protecting jeo} 
during ischemic insult. Finally, benefi 
insulin-potassium infusion have bee 
clinical and laboratory studies in which 
administered systemically. (as recomm 
Pallares) rather than i n used selective | 


revious results. In the ischemic... ponei 
andi nsu lin, the contri- | seco 
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yaluronidase to Alter the Early Course of 


AOST, MD, FACC The effect of hyaluronidase on the early course of acute. myoca a 
CAPONE, MD, FACC infarction was evaluated in closed chest anesthetized pigs. One hou 
ASTROFRANCESCO, balloon catheter occlusion of the left anterior descending coronary art 
et hyaluronidase (500 units/kg body weight) was rapidly infused in 10 ani 
p nel mals while 9 received no treatment. The animals were then observed o 
e, Rhode Island | 
MS the next 4 hours. Cardiac output, heart rate, mean arterial pressure and 
left atrial pressure were not significantly affected by treatment. Hea 
increased and arterial pressure decreased in each group to a compara 
degree by 5 hours, but left atrial pressure and cardiac output were u 
fected. | 
Precordial S-T segment mapping revealed no significant. diff 
between the two groups. S-T segments rose to a comparable d 
each group and peaked before 1 hour. Hyaluronidase had no T 


subsequent return of the map toward control level. Slightly lo | 
segments in the hyaluronidase-treated group at 5 hours was of 


Changes in ventricular wall motion were assessed angiogra ! ily 
all animals manifested akinetic or dyskinetic segments. A sig f 
reduction in shortening fraction of involved segments was seen aft 
occlusion, but no difference was observed between the two groups a 


hours. Shortening fraction of the combined anterior and anteroapic 
segments decreased from 66 + 10 to 20 + 6 percent at 5 hours in the 
hyaluronidase group (no. = 7) whereas in the control group (no. | 
decreased from 68 + 6 to 28 + 9 percent. Comparable increas 
end-diastolic volume were also present at 5 hours in each group. Vol 
increased from 80.6 + 5.1 to 97.5 + 6.4 ml? at 5 hours (P «0.05 
hyaluronidase-treated group (no. — 10) compared siet 86 9 + 8. 
+ 11.0 mi? (P <0.05) in the control group (no. = 

Hyaluronidase did not alter the early course of md myocardial in 
farction in pigs. Species differences may contribute to different re ul 
reported to date. 


Hyaluronidase, an enzyme that depolymerizes and hydrolyzed | luron 
; acid, is undergoing clinical evaluation as an agent to minimize m ocarc 
n of Medicine, Division of infarct size.’ Although a report describing this application it 
Y sa pital roe Bs se published as early as 1959,? with subsequent studies reporte 


as 1965, 3 hyaluronidase eda scie pos little a 


: : of action is not established, ; 
thought te facilitate the di 





o perfused dog ! heart el n 


; ee blood flow. bi 


g oii was undertaken to 2 stully ike effect of 
uronidase on acute infarction in the closed chest 
ombing precordial S- T segment mapping, hemo- 
namic measurements and an angiographic assess- 
nt of ventricular wall motion. The pig was chosen as 
e experimental model since its coronary circulation 

ely resembles man's, suggesting that it may be a 
ore appropriate model than the dog for studying ex- 
rimental therapy.®? 


Material and Methods 


ann: bred pigs (45 to 65 kg) were anesthetized with sodium 
ntobarbital, 35 mg/kg bodyweight and chloralose, 60 mg/kg 
ravenously, and placed supine. The animals were 
heotomized but allowed to maintain spontaneous respi- 
tions. Oxygen was administered through the tracheotomy, 
necessary, to maintain arterial partial oxygen tension be- 
en 80 and 105 mm Hg. For subsequent anesthesia, chlor- 
yse was the primary agent with infrequent reliance on ad- 
11 onal small doses of sodium pentobarbital. All animals were 
oagulated with heparin, 0.3 mg/kg intravenously, at the 
ns of the procedure, and half this dose was given again 


nst umentation 


in 18 lead precordial electrocardiographic map was sewn 
bcutaneously on the chest and wire electrodes were con- 
cted to a junction box to permit simultaneous recording of 
3 2 electrocardiographic leads. The animal was then rotated 
the 30 ? right anterior oblique position for the remainder 
he study. A thermistor catheter was placed in the pulmo- 
y artery for obtaining cardiac output by thermodilution 
chnique (Columbus Instruments, Columbus, Ohio) and a 
ort arterial catheter connected to a Statham 23Db trans- 
er was placed in the femoral artery for monitoring arterial 
blood pressure. A no. 8F Eppendorf catheter was passed ret- 
rograde to the left atrium from a femoral arterial cutdown site. 
‘his catheter was connected to a Statham 23Db transducer 
to monitor mean left atrial pressure and also to serve as the 
route for injecting contrast material for angiography. The zero 
eference level for pressure measurement was one third of the 
distance from the table top to that superior portion of the 
chest wall aligned with the mid-heart with the animal in the 
-right anterior oblique position. 
<- For left ventriculography 15 ml of sodium and meglumine 
: diatrizoates (Hypaque-M 75 percent?) was injected at 150 to 
250 Ib/in? (10-17 x 105 pascals) into the left atrium. Ven- 
lograms were recorded at 60 frames/sec on Kodak XX 
ng a 6 inch (15 cm) image intensifier and a 75 mm lens. 
he same fixed distance from X-ray tube to image tube was 
ing all studies, and a calibration grid was filmed at 
i -chest ined E  NMübeeguent n use in left ventricular volume 


anterior edu rent. artery. T 
then withdrawn into the aorta and thee em 
balloon “inflated” with mercury to ocel 
vessel. A closed stopcock then sealed a 
preventing balloon collapse. 


Protocol 


The precordial electrocardiographic n m 
mm/sec, 1 mv = 20 mm) was recorded simult: 
atrial and arterial blood pressure after car 
surement by thermodilution technique (us 
solution at room temperature per determina 
agreement of closer than 10 percent bet 
measurements). A left ventriculogram wa 
completing the control studies. The corona 
occluded. With the exception of the ven 


5 hours after occlusion. Ventriculograp 
before occlusion and 1, 1 1/2, 3 and 5 ho 
Hyaluronidase (Alidase®, Searle) was infus 
(500 U/kg) immediately after the collectio 
after occlusion. Arterial blood gases were 
quently to assure adequate oxygenation. Li 
tinely given 5 minutes after occlusion (100 mg 
intravenously followed by a drip infusion, 2. 
duration of the study). Direct current defibri 
ther bolus injections of lidocaine were used a 
cated. At the conclusion of the study, the anin 


Ten animals were treated with hyaluron 
served as untreated control animals. 


Data Analysis 


S-T segment map: S-T segment. elevai 
100 msec after the onset of the QRS comple: 
a negative S-T segment at any time durir 
eliminated from analysis; this was an infre 
'The 18 lead values were averaged at each mappi 
the resultant mean S-T elevation (ST) was 
this analysis. 

Angiographic analysis of wall motion E 
end-systolic frames were identified by care 
analysis of cine films and were traced on ck 
for subsequent analysis. Premature beats v 
atrial injections but, when present, the im 
mature beat was excluded from analysi 
umes were determined as described earlic 
motion was analyzed by drawing a longitud 
apex to the aortic-mitral valve junction. T 
was trisected, resulting in eight left venti 
end-systolic (ES) and end-diastolic (ED 
were determined by planimetry and ats 
(percent) determined for each sector us 
= nN ? 100. ki sector most 
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receiving either eles ess ino. = 10) or no 
9) at 1 hour of occlusion. Data are expressed as mean 
d error of the mean. Nó significant difference is noted 
/O groups at any time (P 70.05). * — differs significantly 
ur value. 


ent. Arterial and left eia pressures ; did d ot di 
tween the two groups at any time during 
When the 1 hour and 5 hour value s are 
within each group, arterial pressure 

in both groups (P <0. 
and left atrial pressure did not differ. 


S-T Segment Map 


Mean S-T elevation (ST) for the two onic 
in n Figure 1. Similar peak ST values les were observe 


hours was Sil Can in both groups. The differen e a 
the 5th hour: was of borderline significance (T =< | 

P ~0.05) with ST being lower in the treated group. 
widened difference was partly due to an increase in 


in the control group at 5 hours of occlusion. In additio 


ence was not significant. When ST was expressed 
either percent of peak ST or percent of the 1 hour 
uU no — differences emerged between t 


no s micant effect on the ST kean map. 1 | 

the 10 episodes requiring countershock took pl 
within the first 30 minutes of occlusion and were equali 
distributed between the two treatment groups. Thet 
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Bars represent mean values + standard pel ie mear 
! cant differences were noted between the two groups at am 
or vinta fenetions d ei from 66 + 10 peceni 


05) in the h to 20 + 6 ania at 5 hours of occlusion 





ininüte) effect of Ed des on S.T 
as a significant reduction when compared 
s in control animals in which no significant 

ccurred. No significant hemodynamic 
tributed to hyaluronidase although the 
c details of these experiments were not 
“subsequent study using a partially per- 
art? showed that pretreatment with hy- 
srovided greater tolerance for restriction 
OW, as judged by elevation of left atrial 

ese studies a 49 percent reduction in left 

ial blood flow resulted in a significant 
t atrial pressure (from 3.5 to more than 20 


ecent. pelin a report? has shown that 
elevation during the early acute phase of 
ifarction i is lowered significantly as early 
tea as 24 hours after administration of hy- 


igation hie aspects of acute myocardial 
re studied: (1) hemodynamics, (2) S-T 
nges, and (3) left ventricular wall motion 
The extent of infarction was sufficient 
produce readily observable akinetic and 
yskinetic wall motion abnormalities in the 
n. Marked S-T segment elevation was also 
-a few cases transient intraventricular 
fects were noted, implying septal ischemia 
ore proximal occlusion. 
ia ties: Hemodynamic data revealed no 
ces in the treated and untreated animals. 
: atrial pressure to increase in the early 
tion at a time when end-diastolic volume 
s consistent with the initial increase in 
cribed by Forrester et al.!! Since sig- 
odynamic compromise did not result from 
infarction, there was little room for im- 
e to any therapeutic modality. A slight 
ie time course of hemodynamic changes 
by 5 hours of infarction the two groups 
hable. — 
S-T mapping: Previous studies in our 
e used the precordial electrocardio- 
ssess the extent of myocardial injury. 
sion 1 hour after occlusion resulted in 
ase in S-T segment elevation,!? and 
occluder to a more proximal position 
tened S-T segments.? These studies 
* prc vidé a basis for using this 


significant a effect on the S-T seg 
acute phase of infarction. 

The timing of the non. in he an 
reports differ. In the experiments reporte 
et al.,* hyaluronidase was given 30 minutes. 
clusion, a time when the dogs' S- T segment abno 
was at a plateau. In our study, hyaluronidase wa 
to the pigs at 1 hour of occlusion, a time when 
cant decline in mean S-T segment elevation (S 
taking place. The decline in ST between 1 and 
hours of occlusion was significant in both the hyah 
nidase-treated and control group and comparabl 


In the series of dogs reported in 1972, Marae e a 
administered hyaluronidase as a bolus injection ir 
dose of 225 units/kg 30 minutes after occlusion: al 
observed changes at 24 hours. One small subgroup 
ceived 500 units/kg and no hemodynamic effect 
observed. In a recent clinical report,! hyaluronidase: 
administered in a dose of 500 units/kg with additio 
clinical doses at 2 and 6 hours and every 6 hours t] 
after until 42 hours elapsed since the initial dose 
nificant lowering of S-T segments attributed to the d 

was noted as early as 2 hours but was present at 6 ho 
as well. In our investigation, a single bolus injecti 
hyaluronidase was administered in the same dose en 
ployed in the clinical trial. Failure to observe S- Ts 
ment changes comparable with those reported wo 
not appear to be a dose-related phenomenon. ` 

Ventricular wall motion: Mechanical functiói 
the myocardium is a variable of great importance since 
it reflects viability i in the most meaningful serise. Fail 
to observe improvement in ventricular wall motion. 
the administration of hyaluronidase is consistent with 
the failure to observe a significant alteration in the S 
segment abnormalities. Recent work in our laboratory 
has shown that the S- T segment elevation may "in 
prove" coincident with persistent mechanical 
function and the development of extensive intram 
hemorrhage. 

Explanation for different responses of dog a 
pig infarcts: Preliminary studies in our laboratory 
coronary blood flow in the pig (using 7 to 10 u radio. 
tive-labeled microspheres) after acute coronary oc 
sion indicate that the central infarct zone is essentia 
devoid of blood flow. The dog, on the other hand, ! 
a significant inflow into the infarct zone,!58 suggesti 
that i in the dog infarcts are only partially. ischemi 
that pharmacologic agents may have more reac 
to the ischemic a area. Siue sipatan ie man is 





ore. ten perfusion in the dog) could 
dif fferent response to hyaluronidase 
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Method for Computer-Aided 
; of Echocardiograms 


of Medical Computer 
Computing Resources 
and Adolph Weinberger 


T onary Research, Uni- 


The use of echocardiography in the diagnosis and assessment ol hear 
disease is increasing as greater familiarity is obtained with this -noni 
vasive procedure. Quantitative evaluation of echocardiographic studies 
has heretofore required time-consuming manipulation of mathematica 
formulas. A simple method utilizing a sonic digitizing tablet has beer 
developed for computer-aided analysis of M-mode echocardiograms. T Th 
device can convert a point located manually with a digitizing pen int 
and Y coordinates and with use of the standard telephone network can 
communicate on a time-shared basis with a DECSYSTEM-10 comput: 
er. ptor 
A program has been written to compute and type the results of standard 
calculations involving mitral valve motion and left ventricular functio: 
The information can also be stored on disk by the computer for future iSi 
This simple, relatively inexpensive system is valuable because of the ea 
with which it permits usually laboriously obtained information to be « e 
tracted from the standard echocardiogram. 


As ultrasonic imaging of cardiac structures becomes increasingly: use 
in diagnosis and research, there is greater desire for rapid computer: 
analysis of the information contained in an echocardiogram. The centr 
problem with such computer analysis is transferring the relevant 
formation into the computer. Current technology in automating eck 
cardiography involves either digitizing the train of returning echoes 
real-time or taking the information directly or indirectly from the grap 
M-mode echocardiogram. Direct sampling of returning echoes: requires 
a high speed analog to digital converter and other specialized hardware 
since digitizing rates are usually as high as 4 or 5 megahertz. Taking i in 
formation directly from a graphic echocardiogram involves a speci: 
scanning device? that automatically scans the echocardiogram, t 
lating the image into an array of digitized values and sending the infor 
mation to the computer. Taking graphic information indirectly from th 
echocardiogram is illustrated by a semiautomated approach? i in whi 
cardiac structures are traced by hand on transparent paper and then 
traced record is converted to a video signal that in turn] is conve te 
analog form by analog computer techniques. T NC 
These methods require not only sophisticated and expensive bài rdv 
to capture and enter the data into the computer, but also, in the firs 
cases, sophisticated computer software to enable the. recogniti | 
echocardiographic landmarks, such as various Ponten on t 1e mi 
slope. 





lan communicate ve 
DECSYSTEM-10, a time-sharec stine is available that obtains r 
dical Computing Resources Center at the University An averaging routine is available that obtains r 


lealth Science Center at Dallas. With this system, from the same echocardiogram and then de 
ician can dial the computer using the standard tele- erage velocity. This is exemplified by the di 
network, initiate the computer program from the in- Figure 3. (All underlined characters represent those. 
active keyboard terminal and begin using the sonic pen to the technician; all other text was produced 
igitize important points directly from the echocardiogram. computer or the sonic digitizer.) M 
ost variables can be taken from the echocardiogram using 
ively few points. Calculated results are immediately typed 
‘computer and stored on disk for future studies. 
comparison with the automatic scanning and real-time 


desired points in the echocardiogram 
sadvantage considering that human judgment in locating 
rious landmarks may be as accurate, or more accurate, as 
some computer algorithms. Thus the accuracy of the measured 
ables depends on the quality of the echocardiogram and 
he ability of the technician to locate accurately the required 
landmarks. Our procedure, utilizing the sonic digitizer, has 
o control over the quality of the echocardiogram. However, 
oes lessen human error by freeing the technician from slow 
and calculations and allowing him to average rapidly values 
from several cardiac cycles. 


Computer Procedure | Telephone lines 


Once the computer connection is established by telephone, 
e technician can begin to execute the program. The first step poral 10 
s to calibrate distance and time in the echocardiogram by 


FIGURE 1. Diagram of sonic digitizer and ASCII (Am 
Code for information interchange) interface, and connect 
phone lines to remote time-sharing computer. 


.RUN GPEN | 
COMMAND: CAL VEL VOL? CAL 
CALIBRATE 1 CM: 

0593,0796 

0595,0820 

DISTANCE CAL-.04152 


CALIBRATE 1 SEC: 
0465,0796 | 
0593,0796 

TIME CAL-.00781 


COMMAND: CAL VEL VOL? 
*0284,0815 

0302,0795 

VELOCITY= 59.055 MM/SEC. 
*0404,0817 

0422,0795 | 
VELOCITY= 64.960 MM/SEC. 
*0528,0813 Peg treng 
0544,0797 ^ 77 eeta 
VELOCITY= 53.149. MM/SEC 
Mee i T 





internal diameter 
om. Cistance calibration. ^ (Fig. 4) and average values o ‘tal ed. W 
0 the sonic pen (Fig. 1) on each point repre- end-diastolic (EDV) and end-systolic (ES 
stance in the echocardiogram (Fig. 2). These three methods,4 left ventricular (LV) massa 
ates are automatically typed on the terminal as they IR. E 
iputer. The computer calculates a distance cal- 
or and asks for two points representing 1 second 


air the technician, with a touch of the sonic pen, ; 
T e points into the computer, which then calculates volume portion of the program is initiated. The specific gra t 
lik ration factor. These calibration values are re- of cardiac muscle is requested and entered. Then the po 
e computer for use in future calculations. associated with wall thickness are requested and entered 
m] uter returns to the "COMMAN D:" query Figure 5 shows three sets of points from Figure 4 being entered 
e next request. The technician types "VEL" for HE 
tiate the velocity routines, and the computer 
th the prompting character“*.” With the sonic 
9). i e points (for example, points COMMAND: CAL VEL VOL? vor 
), automatically entering the coordinates into SPECIFIC GRAVITY = 1.05 
The computer responds with the calculated 
ts of millimeters per second. The computer Cee eee 
n facies i : *0455,0859 
. asking for two more points. Velocity points 0454,0828 
ore cardiac cycles (Fig. 2) can then be entered as *0571,0860 
1e dialogue. Finally, when the sequence is to be 0568,0830 
echnician types “-9,” signaling the computer eee 0 HE 
previously calculated velocities and type the & -9 
omputer then returns to the “COMMAND.-” AVERAGE WALL THICKNESS = 1.338 CM. 
further instructions. 


ENTER LVID-D 

*0458,0986 

0457,0859 

*0573,0985 

0572,0859 

*0693,0985 

00690,0859 

* -9 

AVERAGE LVID-D = 5.493 CM. 


ENTER LVID-S 

*0515,0972 

0514,0882 

*0628,0972 

0626,0883 

*0744,0972 

0742,0883 

* -9 

AVERAGE LVID-S - 3.885 CM. 


ENTER EJECTION TIME 

*0457,0875 

0516,0875 

*0572,0874 

0628,0877 

*0690,0873 

0744,0877 

* 9 

AVERAGE EJECTION TIME = 0.441 SEC. 


POMBO METHOD 

EDV- 165.775 MLS. 

STROKE VOL-127.1478 MLS. 
LV VOL= 153.007 MLS. 


FORTUIN METHOD ku Bd mr 
EDV= 171.110 MLS. ESV= 62.585.MLS 


STROKE VOL= 108.525 MLS. > EJECT 


left ventricular cavity. — . TEICHHOLZ METHOD 
lar ejection time, EDV- 147.013 MLS. 





t data 


‘sonic digitizing tablet is cap 
p to 960 characters/sec. However, it is used at the com- 
able operating speed of 30 characters/sec. The complete 
tizing time is rapid and, depending on the experience of 
technician, usually takes 1 to 2 minutes. Thus, results can 
obtained from the echocardiogram in a relatively short 


oe Discussion 
Because the extraction of quantitative information 
rom the echocardiogram is usually a relatively laborious 
time-consuming procedure, the use of various 
d.!-3 The central 


onic digitizing 
mputer has many advantages. It is a fast and eco- 
nomic way of obtaining calculated results from an 
echocardiogram. The system is easy to use and apply. 
equires relatively inexpensive equipment and utilizes 
existing computer facility. Its value lies in its ability 


is confined to the mitral valve and le 
function, the program may easily be ext 
any quantitative dimensions that can be ob 
a complete and technically suitable echo: 'a 
study. Because the sonic digitizer is co 
general purpose time-sharing computer s 
easy to add complex calculations relatec 
that might prove to be clinically usefu 
easily be stored on disk and later corre f 
patient information. 

Two points require emphasis: First 
the system described depends upon t 
quality of the original echocardiogram. C a 
analysis cannot be accurate without tra 
quality. Second, echocardiographic calcula 
ventricular volume and wall thickness are b 
derivation of the ellipsoid formula use 
angiographic volumes.!? These calculations ass 
the echocardiographic diameter of the lef 
equal to the minor diameter measure 
giography and that the major diameter is wi 
minor diameter. Thus the accuracy of tk 
ographic calculations is based upon the va 
geometric assumptions. E 
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A polarographic technique capable of simultaneous monitoring of m 
cardial tissue oxygen tension (MPO;) and intramyocardial electrogr. 
by way of the same electrodes has been developed. Initially the methot 
was evaluated in dogs to verify the appropriateness of the directiona 
changes of MPO, in function of selected determinants of myocardial 
oxygen supply (regional coronary blood flow, arterial blood oxygen ten- 
sion) and demand (heart rate, force of ventricular contraction). A com 
bined reduction of MPO, and elevation of the S-T segment in the corre 
sponding electrograms was observed only when a 50 percent or greater 
reduction of blood flow to the sampled area was effected. u 
Subsequently, in nine patients undergoing aortocoronary bypass su 
gery, MPO; was measured from 48 areas for 2 weeks postoperativel 
In 11 normal and 31 revascularized areas, MPO, increased during the 
postoperative period. In four areas subsequently found to be supplied b 
occluded grafts, MPO, decreased from 12.7 + 3.1 (mean + standa d 
error) to 10.1 + 3.3 mm Hg (P «0.05). In two areas, MPO; decreased 
during the 3rd postoperative day from 16 to 3 and from 14 to 4.2 mm Hg, 
respectively. This reduction was attended by a significant rise in the S-1 
segment of the corresponding electrograms. This finding preceded by 2: 
hours standard electrocardiographic evidence of myocardial infarction 
This technique appears to be sensitive and reliable, and thereby capabi 
of enhancing the management of patients during the high risk early 
postoperative period after coronary bypass surgery. a 


Myocardial ischemia, including myocardial 
to recur in 10 to 35 percent of patients 
surgery.!-? If ischemia is diagnosed in t 
problems related to 
ular- 


Polarography has been used experimentally for some time to meas 
oxygen tension in various tissues, including those of the heart.4-! 
cause the technique deals directly with oxygen, the factor most clos 
related to circulatory adequacy,!? and because it allows continuous 
monitoring for long periods, its clinical suitability appeared worth 


x 


i 





| of dissolved oxygen. 
system, the oxygen electrode (cathode) consisted of 
n$-coated 90 percent platinum, 10 percent iridium wire 
re Corporation, Mount Vernon, N. Y.) measuring 15 
, in diameter. The tip was exposed and given a platinum 
ck coating, using a solution of 3 percent platinum chloride 
issolved in 0.025 percent lead acetate. The wire was passed 


rough a 23 gauge needle to facilitate insertion, and the tip 


; bent in the shape of a hook to anchor it to the tissue and 
vent movement. The reference electrode (anode) consisted 
r-silver chloride disc pellet. The electronic circuit was - 10-1975, Boston, Mass.). 
sd of the elements represented in Figure 2. In this A calibration curve of each electrode was ob 
„the izati ge was measured and regulated by testing the response to various known con 
the inp al oxygen in 0.9 percent saline solution at a constant temp 
‘this corresponded to the of 37 °C (Fig. 3). Electrodes that failed to respond i 
larization voltage of —0.6 v and the actual value, that is, to fashion were discarded. The effect of 1 hydrogen-i 
oxygen tension (POs)-dependent reduction current. The E 
multaneously obtained electrogram was amplified by the 
differential amplifier and linearized by passage through 


/PLATINUM 
(measuring) 


iG se Ta ae y dg ie 
“H202 + + 42e —— 2H20 ! 
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FIGURE 3. Calibration of the oxygen electrode in vitro 

at right refer to individual electrodes calibrated by comp 
current (uA) in relation to partial pressure of oxygen 
solution. EM tes 
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-FIGURE 4. Clinical application of the polarographic method. 
- centration (pH) on the electrode system was also studied in 
~ vitro. The pH of the solution was varied, with use of gas mix- 
_ tures containing 2 percent carbon dioxide, which maintained 
= apH of 7.2 to 7.3, or a bicarbonate-buffered solution equili- 
` brated with room air, which produced a pH of 7.8 to 7.9. Tests 
| were carried out with six electrodes to determine whether the 
| oxygen current would be affected. At a constant PO» level, 
over a pH range of 7.2 to 7.9, differences in oxygen current in 
~~ the various solutions were within 0.2 percent. This observation 
~ is in agreement with the findings of others.45.13 

KL ; 


-— priateness of the directional changes measured by the po- 
-. larographic system. Mongrel dogs, weighing 20 to 30 kg, were 


ECT 000 units, and lidocaine hydrochloride at an infusion rate 
- of 2 mg/min. Arterial blood pH, PO» and partial pressure of 
- carbon dioxide (PCO;) were determined intermittently using 
a blood gas analyzer (Instrumentation Laboratory, Boston, 
- Mass.). Respiratory adjustments were made when necessary 
-. to keep blood gasses within physiologic ranges. The central 
- aortic pressure was measured by means of a large bore poly- 

1 thylene catheter inserted into the femoral artery and con- 
a ected to a Statham P23db transducer. Coronary blood flow 
É was monitored with the aid of two electromagnetic flow 
_ probes, one placed round the proximal left circumflex coro- 
- nary artery and one on the left anterior descending coronary 
"ar ery in its mid-portion. The flow probes were connected to 


R a Biotronex multichannel flowmeter. Zero flow was repeatedly 
. mechanically determined during the course of each experi- 
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electrodes were inserted at depths of approximately 2 mm 
(subepicardial) and 7 mm (subendocardial) in the same area. 
The reference electrode was implanted subcutaneously in the 
right hind leg. All observations were displayed on an Elec- 
tronics for Medicine DR-8 high fidelity recording system. 

In 13 dogs, control observations were recorded approxi- 
mately 30 minutes after electrode implantation and the sen- 
sitivity of the polarographic system to changes in regional 
coronary blood flow was tested by producing progressive mi- 
crometered-ligations resulting in reductions of flow of 10,50 - 
and 100 percent of baseline value. Data were obtained 2.5 and 
5 minutes after each constriction. Factors other than perfusion 
known to alter tissue oxygen tension were also examined. 
Thus, the effects of ventilation with 100 percent oxygen versus 
room air were studied in five dogs; the effects of an infusion 
of isoproterenol, 2 ug/min, which is known to increase myo- 
cardial oxygen consumption, were studied in five dogs. 

Second, experiments were conducted for the purpose of 
standardization of the method. Since changes in the oxygen 
content of a venous effluent are generally considered to reflect 
directional changes in tissue oxygenation, POs of venous blood 
was obtained from the sampled area. With use of the same 
preparation, a ligature was placed on the left anterior de- 
scending coronary artery and a Teflon? cannula was inserted 
in the concomitant vein. Multiple electrodes were implanted 
in the area supplied by the distal artery. Coronary venous 
blood was allowed to flow continuously into a beaker from 
which it was returned to the animal by way of the jugular vein. 
Blood sampling for the measurement of PO» was obtained at 
predetermined intervals directly from the cannula. Obser- 
vations were made in three dogs under various conditions: 
ventilation with room air or mixtures of 6, 40 or 80 percent 
oxygen, and during partial and complete occlusion of the left 
anterior descending coronary artery. In all, 50 recordings were 
made. 

Statistical significance of changes was tested using the . 
paired Student's t test. The relation of myocardial PO» to 
coronary venous PO» was studied by regression analysis. 


Human Application 


In nine patients undergoing myocardial revascularization, 
myocardial tissue oxygen tension and myocardial electrograms 
were recorded from 48 different areas. The sites for monitoring 
were chosen on the basis of previous assessment by coronary 
arteriography. They were classified “ischemic,” if supplied 
by a major vessel with more than 75 percent obstruction of its 
proximal course, or “normal,” if supplied by a vessel with less 
than 50 percent obstruction and if ventriculography showed 
the corresponding segmental contraction pattern to be normal. 
The electrodes were implanted after completion of the aor- 
tocoronary bypasses. The wires were wrapped in a Penrose 
drain and passed through the lower end of the sternotomy 
wound to reach the polarograph (Fig. 4). The reference elec- 
trode was attached with conductive gel to the lower right 
leg. 

Myocardial tissue oxygen tension (MPO;) and electrograms 
were monitored continuously in the operating room and re- 
corded approximately every 6 hours for up to 2 weeks in the 
intensive or intermediate care unit. At the end of this period, 
coronary arteriographic and left ventriculographic studies 
were repeated, and the electrode wires were pulled out. On the 
basis of these studies, the sampling sites were designated 
“normal,” if the area was again noted to be supplied by a 
normal or significantly obstructed coronary artery, "revas- - 
cularized," if the area was supplied by a patent vein graft, or - 
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repeat coronary arteriography, the electrodes were in- 
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'ubepicardial PO. had a much wider range than 
en d PO» under normal condor and after 


ler e S dian. 
The S-T segment of each electrogram was elevated 
non electrode implantation. It tended to decline pro- 
vely and then stabilize (usually within 30 minutes) 
e level of 0.25 + 0.1 mm above the isoelectric line. 


"Subendocardio PO» decreased with progressive re- 
ow (Table I). Wi th a 10 


: acl ieee no dan occurred in functions 
own to a fect myocardial oxygen consumption, that 
art rate, contractile force or wall tension. Witha 


e age p 36. 7 percent (Fig. 5); altheush nee was no 
Range i in heart rate or blood pressure, paradoxic sys- 
distension of the ischemic left ventricular segment 
urred and there was an average 346 percent increase 

r de- 


5 cendi ling coronary artery caused a further average 60 
nt rdum in MPO». Heart rate and systemic 


Ced M ae error 
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des 


no change with a 10 percent. | 
descending. coronary arterial bloo d flos 
an average increase of 18 and 20 percer | 


Een reduction of flow, | but 50 ant 
ductions produced significant elevat: 
Eo d 6). 


dd these ea on à producsd aa avi 
percent reduction in MPO; (from 12.1 + 
mm Hg; P «0.05), but no elevation of the £ 
occurred. e 
After ventilation with 100 percent 0x5 
fold i increase in arterial rd mE a sig 


ischemic s in the i, soul, wan E 
‘Thus, a significa nt decrease i in MPO», 


corres sponding electrograms, Was » produce 
major (50 percent or more) reduction i 
supplying the s sampled area. | 
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ship of myocardial tissue MPO; to various degrees 
coronary blood flow. Each panel shows the standard 
ogram (ECG), aortic blood pressure (B. P.) with a 

g, wall tension (T), mean left anterior descending 

! flow with a scale of 0 to 40 ml/min, and myo- 

PO» with a scale 0 to 20 mm Hg. Top panel, a 10 percent 


blood flow produces a reduction of myocardial tissue MPO. 


art rate, pressure or tension. Middle and lower 
percent reductions in blood flow produce propor- 
myocardial tissue MPO; and changes in wall ten- 


Myocardial oxygen tension was measured fro 
areas in nine patients (Table II). Eleven areas 
supplied by coronary arteries that were not byr 
because they were considered normal or minim 
diseased in preoperative arteriographic studies; 37 are 
were supplied by bypassed arteries. The first valid 
reading, for purpose of the study, was taken upon retur 
of the patient to the cardiac intensive care unit; Subs 
quent readings were taken at approximately 6 hour i 
tervals for 2 weeks. The data are tabulated using fo 
time intervals: T; (the first reading in the intensive c 
unit); To (the end of the immediate postoperative: 
riod— 24 hours); Ts (the end of the intermediate pe 


riod—1 week); and T4 (the end of the total period o 
observation). MPO; from the 11 “normal” areas was 10 
+ 1.7 mm Hg at T, and gradually increased with tim 
to 17.1 + 2.1. MPO» from the 37 revascularized areas 
was 14 + 2.4 mm Hg at T. This value was moderate 
but significantly (P «0.05) higher than in the nonre 
vascularized areas. Subsequent measurements showe 


TABLE II 


Myocardial Tissue Oxygen Tension (MPO,) After 
Revascularization (mean + standard error) 


Nonre- Z 
vascularized Revascularized Areas (mm Hg) (no 
Areas (mm Hg) M : ME 


14 + 2.4 (alt groups) 
12.7 $31. 
11.5 + 2.7 
i 1 10.1 + 1,3* 

* Statistically significant change (P «0.05) from previous time. i 
terval, ME T a 
A * revascularized areas with patent vein grafts on postoper 
study; B and C = revascularized areas with occluded grafts onp 

operative study (in C, the decrease in MPO, was attended by 
vation in the corresponding electrograms); T, = first reading 
surgical cardiac intensive care unit; T, = end of the immediate pe 
operative period 124 hours); T; = end of the intermediate period 
week); T, = end of the total period of observation (2 weeks); 





me pne (4 areas); or. 


en m d demonstrating akinetic segments, 
ied the occurrence of myocardial infarction only 


| Postoperatively, arteriography T revealed d a p 
0 attended by electrographic changes. ) 


he sensitivity of our monitoring system was indi- 
further by the observation in one patient of a 


+ ud 
MPO, 
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Mundo E in the anterior, lateral and posterior walls o 


FIGURE 7. Regression line representing the relation of myocardial 
ie PO; (MPO2) to coronary venous PO» (VPO;) in three dogs. 
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patient | before each 


determining its response to 100 percent. 


on. In 48 of 54 electrodes, an increase in 

ood PO» of 76.1 + 17.2 mm Hg resulted in an 

IPO» of 6.3 + 0.9 mm Hg (P «0.05). In 6 of 

s, a very low level of myocardial oxygen 

as attended by a more than 50 percent loss of 

iphic voltage. This change was subsequently 
e due to breakage of the electrode tip. 

question of electrode “poisoning” as a function 

s examined by determining on 2 consecutive 

ite of myocardial tissue oxygen tension change 

of increase in arterial blood PO» during the first 

"s f oxygen inhalation. The average response 

rst day was 


N )41 mm Hg/sec MPO; x 10? 
| mm Hg arterial PO; 
did not change significantly on the fol- 


£0.04 


Discussion 


advent of coronary bypass surgery, it has 
0 ortant to gauge the adequacy of restoration 
in all regions of the myocardium. A prog- 
is now attached to measurements of flow 
srafts as a result of the observation!* that 
lues of less than 20 cc/min are associated 
'h rate of graft occlusion. However, these data 
ble only during the limited time available in 
f the total surgical procedure. Consequently, 
is recorded that may not pertain to subse- 
operative clinical circumstances. Moreover, 
ift flow does not necessarily indicate de- 
gen to specific sites of ischemic cardiac 
peratively, the effects of revascularization, 
ts status, are conventionally mon itored 
diograms, serum enzyme determinations 
nent of hemodynamic variables. However, 
ethods the diagnosis of myocardial isch- 
made with great difficulty, usually when 
already occurred.'-? 
id limitations of polarography: A 
ble of monitoring myocardial tissue oxy- 
ontinuous basis and for an adequate 
would thus be of definite advantage. 
eveloped through the work of Heyr- 
eoretically such a method. However, be- 
ical limitations few investigators have 
cal use. There are three main problems: 
elated to the oxygen electrode: The 


‘toward alkalinity it in the 


resulting precipitation oft insoluble. 3: 
electrode surface.!3 P4 

2. Problems related to the — Chang 
temperature, pH and osmolarity tend to affect th 
ubility and diffusion coefficient of oxygen. Furthermore 
with reference to the heart, there is a stirring effect tha 
is variable and uncontrollable. Es 

3. Problems related to the determinants of tissu 
oxygen tension: According to Krogh's equation,!9 th 
physiologic factors that determine local oxygen tensioi 
are many, some uncontrollable: arterial blood OXyg 
tension, perfusion pressure and blood flow, oxyge: 
consumption, geometric configuration of the tissue 
capillary density, capillary radius and length and dif 
fusion distance. 

However, not all of these factors are equally i impo 
tant and some of these problems can be circumven 
Thus, wide ranges in pH and osmolarity were found 
have little practical effect on the polarographic | cu 
rent,*^1? as confirmed by our observations in viti 
Temperature must be taken into account wher 
oxygen electrode is implanted under conditions o 
pothermia, but a correction factor is available.5 ( 
et al.!” corrected the problem of “aging” of the plat: u 
electrode by constructing a membrane-covered tip 
However, the importance of this problem has. been 
questioned,!! particularly when measurements are 
made to establish relative changes rather than abs: jl 
values. Our observations confirm that, over relatis 
short periods, the bare tip electrode responds satis. 
torily to changes in tissue oxygen tension. | 

Experimental verification of method: We cho 
to use a bare tip platinum electrode because of its sn 
size and simple design and the need to minimize tis: 
trauma. Each electrode was calibrated in vitro be 
use by exposure to different known concentratioi 
oxygen in solution. Electrodes that failed to respond 
these changes i ina linear manner were discarded, 


so, because of the relative e ease with which h local 
coronary blood can be sampled and are i is; 


tissue oxygenation. 18 That blood POs: was ways great« 
than tissue PO» can be explained on the basis of I 
equation’? showing that tissue oxygen tension eq 
P PRON tension minus a ee CE 





e method was transferred from E to clinical 
plication. For clinical purposes, a reduction in MPO; 
d not be considered significant unless attended by 
nultaneous elevation of the S- T segment in the 
sponding electrogram. 
inical applications: Our observations in patients 
- consistent with those made in the laboratory. 
us, a significant decrease in oxygen tension was noted 
the areas subsequently found to have occlusion of the 
rving vein graft. In contrast, MPO; levels increased 
‘hen the grafts remained patent. Moreover, in two 
atients whose postoperative ventriculogram confirmed 
w development of myocardial infarcts a sudden 
duction in MPO», attended by S-T elevation 
e e corresponding electrogram, preceded by 24 hours 


tissue oxygen Erion in the aman polan m 
injection of dye in a prosthetic graft. I 
lation between polarographic-electrogi 
and postoperative angiographic studies i 
this method is adequate to monitor tissu 
after revascularization. Furthermore, 
performance for a period of 2 weeks enha 
since most perioperative myocardial inf 
at surgery or within the first few postoperati 

In conclusion, polarography combined. 
taneous recording of myocardial electrogr 
to be a valid and practical method foi 
myocardial tissue perfusion after revascula 
described improvements in the design o 
graphic system and the simplicity of ap: 
been effective in converting this method 
primarily experimental use to one suitab! 
study. 
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percent of the incidence of atherothr 
farction at Framingham arises in the 
population having a systolic blood. )ressi 
Hg or greater. The statistics for hype 
disease are similar. On the other han 
pressure is antecedent in a much smalle 
cases of coronary heart disease and an 
proportion of cases of intermittent claudica 
on to cardiovascular disease have been 36.2 percent of cases of cardiovascular disea 
aan ee in a 2 year period arise in the group of pe 
systolic blood pressure is greater than 160 


ea sag) 07 or carry a direct p ir risk (cigarette 

oking); signs of preclinical cardiovascular disease 

ncluding electrocardiographic abnormalities, cardiac 
nlargement on X-ray film, other evidence of impaired “within normal limits” ae 100 | 

irdiac function). Many of these factors are common in there i is a two- jd e in the risk of car 

nerican population (Table I). There is a large body 

p demiologic evidence from a variety of populations 
oncerning the relation of these characteristics to car- — to Teel and there is no cri 
diovascular disease, particularly coronary heart disease indicate where normal ends and abno 


eptions, that these characteristics do distinguish 
persons at high risk from persons at low risk.‘ 


ingly to separate high and low risk persons in a popu- 
iom, the oria of such an m would a 1 
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| Cigarette | e 
Inactivity * Obesity Hypertension Smoking Diabetes cholesterolemia 
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Men 
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16.9 14.7 18.3 43.1 | 1.1 25.3. 
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27.3 ^ 1297 2733 22.8! 32 


ire a a a etr n Paar P T a E ean ei I ts trm ste T HI ES rece tttm mmm m nnm cune mmm 


Women 


NENNEN ER ERE ANOLE ALT COHN CACC ALORA NEAT ACA A MED IIA 


8.5 38.8 0.8 
18.2 36.1. 29 
31.2 24.2 3.2 
47.6 10. 2t l 6.1 


— a E C anaana Q————H——— € 


—————— — JI HR AAI NE 





SERENA D SIMA 3 2 5 ee 
QUESTI AUN : 3 easy ETT NR NU EN 2m 


MEETS 


^in ee a composite 


düncüons score, will Roles t peta 
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ly in an ae allel, at moda cost using 

ary office procedures and simple laboratory 
—and knowing the person's age and sex one can 
:dict cardiovascular events over a 20-fold range from 

e lowest to the highest decile of risk in both sexes. In 
way one can identify the 10 percent of the general 
population who will have 22 percent of the coronary 
eart disease, 31 percent of the occlusive peripheral 
erial disease, 43 percent of the brain infarction and 


though the specified variables are appropriate for 
ardiovascular disease in general, their individual roles 
from one disease to the other, and by sex (Table 

5 Whereas blood pressure is a major risk factor, it is 
inctly more important as a precursor of brain in- 
ction and heart failure than of coronary heart disease. 
Blood pressure is a minor factor, at best, in the back- 
und of persons with intermittent claudication, but 
rette smoking and glucose intolerance are major 
'edents of this disease. Although cigarette smoking 
important factor in men for each of the four car- 
griular diseases cited, it t tends to be a minor car- 


enable a mano of thie relalive Ma RE of 
of the risk Tar tore considered. LE data fors serum 


it is fairly ei eer apron vgs hs effective. toi us 
function for all cardiovascular diseases 
separate functions. However, it is obvic 
practical to use a single function for c 
screening provided the loss in efficiency i 
persons at high risk for the specific disee 

Screening for persons at high ris 
and perhaps most immediately rele: 
paring the relative efficacy of a spec 

estimate of risk is in the context of screen 
at high risk. Suppose a risk function is usec 
the 10 percent of the population at highe 
many cases would be identified as falling i 
with use of a specific function for the disea 
many with use of a general function fora 
cular disease? 

To examine this question, the probabi 
person at risk developing a specific disease 
lated and the population was then ranked fro 
low according to this probability. To deemp 
role of age, this ranking by level of risk was do 
rately for each 10 year age group and these'a 
populations were then ranked into deci 
risk. The actual number of events falling i 


once using the coefficients for the spe 
once using the coefficients of total cardiovasc 
ease. As Table III shows, there is little to choos 


dize Regression Coefficients for Incidence of Cardiovascular Disease for Specified Risk Factors: 
nd Women Aged 35-64 Years (Framingham Study: 18 Year Follow-Up) 


Coronary 


Brain 


Intermittent Hypertensive 


Disease | infarction Claudication Heart Failure* 


Men 


0.587 
0.326 
0.018 
0.158 
0.412 


Women 


0.478 





ction will put. a person at i epee ave ow probability. De ail 
atherothrombotic brain i in- based on actual levels rather than on deciles have been 
lood ae eee elsewhere® and may be referred to forac 
a ate risk f aran, of course, may assign a a ; 
higher or lower rank to persons with a given case. However, it is ee that groups at risk 
ation of characteristics depending on the tially higher and substantially lower thar avel 
coefficients) used, but rank is not especially be defined by the risk function, although itise 
-to variation in the coefficients. clear that a person at “high” risk is far from cer 
be argued that in some instances the apparent ^ have the disease and a person at “low” risk a 
in coefficients among the specific cardio- guaranteed immunity. 
diseases may be due more to random variation . 
nall number of cardiovascular events Discussion = Bu 
mation than to substantive differences. Uses of the risk function: Althou gh th 
nces the coefficients for total cardiovas- esis differs from one cardiovascular ditease o 
ould, in principle, be preferred to the there is apparently a sufficiently large commo 
3 es mated for the specific disease. However, to warrant considering as a unit the incidence o 
lemic point in the absence of a method for diovascular disease in adults. This article discusse 
] properties of a general cardiovascular risk fu ctio 
that assumption. 


ses in Upper Decile of Risk According to 
eneral Cardiovascular Risk Profile TABLE IV 


MM Coefficients for Calculating Risk of Cardiovascular Disease 


Specific General 


Variabie 


Age (years) 0.3743307 
Age X age —0.0021165. - 
Serum cholesterol (mg/ml) 0.0258102 
Systolic blood pressure (mm Hg) 0.0156953 © 
Cigarette smoking * 0.5583013. ` 
LVH by ECG* 1.0529656 . - 
Glucose intolerance * 0.6020336 
Cholesterol X age —0.0003619 
Intercept ~19.7709560 , 
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* Yes = 


ntheses indicate total number of cases. 


ECG = electrocardiogram; LVH = left ventricular hyp : 


diovascular Disease per 1,000 in 8 Years 


D cile of Cardiovascular Risk 
TABLE VI 


| TU SUN RCM edes Probability by Age and Sex of Having Cardiovesculé 
(65-74. E. 54 55-4 65—74 Disease i in 8 Years (incidence per 1 000) 
-Years Year J^ Years. Years — T MM 
| - ~ —— nm (yr) | Men 
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a ab on So 
p hic evidence of left 


estima ing the 8 year risk of n a disease in 

sons free at the outset of any cardiovascular dis- 

the function presented in this paper—is no longer 

propriate once a cardiovascular disease develops. 

at is more, the function only gives the probability 

he first. episode of a cardiovascular disease. Once a 

erson has passed the acute phase of any cardiovascular 

isease the probability of recurrence is greater than the 
jility of the initial episode. 

"linical application: Although the utility of many 

of the proposed prophylactic measures for reducing the 

[o ' cardiovascular disease still requires validation, 

san increasing level of belief in their efficacy and 

an in creasing range of clinical intervention. Such pro- 
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essai that earned disease wi 
uch disease. 


directly, using the constants in the previous 
plementary tables may be of help. One (Ta 
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Each effervescent tablet in solution supplies 
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e Two easy-to-take flavors 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison’s disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 


tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 


ECG for cardiac irregularities. To minimize the pos- 


sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 





Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium, NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 


Mead {isan LABORATORIES 


A Broken Heart 


It can start with a little 
high blood pressure 


Infarction with rupture of the wall in the left 
ventricle of man, 66. with mild hypertension. 
Blood clot in pericardial-sac. Postmortem. 
Phõötographed COL VESTITI for Boehringer 
Ingelheim by Lennart Nilsson. 








Reach for 
normal 


blood - 
pressure 





E 
ESNS 





In mild to moderate 
hypertension 


Catapres 
(clonidine HCI) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.' 


You can add Catapres to 
Catapres to get pressure down 


near normal. 


Wide therapeutic dosage range — 0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 
lot of problems. 


The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 





Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 





In mild to moderate hypertension 


Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series, 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 


The Catapres Potential: 


blood pressure not just down, 


but down near normal 


Catapres......... 


(clonidine HCI) 
_ Start with Catapres when a 


_ diuretic is wrong for your patient 
Add Catapres when a diuretic 








alone doesn't let you reach 


near-normal pressure 


ndication: The drug is indicated in the treatment of 


1 hypertension. As an antihypertensive drug, Catapres 
-y(clonidine hydrochloride) is mild to moderate in potency. 


It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 
as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 


. clinical data, the drug is not recommended in women 


who are or may become pregnant unless the potential 


. benefits outweigh the potential risk to mother and fetus. 


Usage in Children: No clinical experience is available 
pde use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
Sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 


tion of blood glucose, or serum creatine phosphokinase: 


congestive heart failure, Raynaud's phenomenon: vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months tc 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 








Echoview 80C 


makes a big difference 
seem not so big. 
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Flail mitral valve leaflets secondary to bacterial endocarditis. - atrial myxoma. pene Dr. Roberta Williams, 
Courtesy Dr. Raymond Gramiak, Strong Memorial Hospital, Children’s Hospital Medical Center, Boston, Mass. 
Rochester, New York. 








Picker’s new Echoview is also provided. 
System 80C with DSA enables Further, Pickers human 
you to diagnose many of engineering concept has 
their ailments accurately, resulted in the System 80C 
easily. DSA" (Depth Selective being a highly mobile, simple- 
Amplification], developed to-operate and readily adaptable 
exclusively by Picker, allows system for maximum clinical 
you to observe individual utilization. 
cardiac structures in context System 80C is an example of 
with all structures in the Picker’synergy — the complete 
ultrasound beam. interfacing of systems and 
Therefore, DSA means you services for improved diagnos- 
focus on the diagnostically tic visualization. 
significant echoes. And to Contact your local Picker 
further improve your representative. Or write Picker 
diagnosis, the capability to Corporation, 12 Clintonville 
record physiological data Road, Northford, CT 06472. 
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Pickersynergy 
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WANT FASTER SERVICE? 


If you... Change your Address? 
. Need Information? 


ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


—————— PIG weed 


AFFIX LABEL 


E e erm rm ta aee cena e 


If you have a new address please print H 
below, You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 


ADDRESS. oom utem cocta m Ax 


GIFY secs coosuc STATE SL oes SE Lees 


Clip this entire form and attach it to any other 
correspondence you may have for us and mai 
to, 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 


Yorke Medical Journals 
Circulation Department 


$66 Fifth Avenue, New York, M.Y, 10019 
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Jeritrute SA sustained Action 
(pentaerythritol fetranitrate! 80mg 
CAUTION: Federal law prohibits dispensing 


without prescription. 


Description: Each tablet of Peritrate 5A 
Sustoined Action contains. penteerythritel 
tetranitrate BÓ mg (20 mg in immediate 
release layer and bO magin sustained release 
base). Perifrate" (pentaerythritol tetrani- 

ga nitric acid ester ota tetrahydric 
aicohol { (Reniner ythrite 


indications tBosed on a review of this drug 
by the National Academy of Sciences ~ 
Notional Research Council.and/or other 
information. FDA has classified the indica- 
tions as follows: | 
“Possibly effective: Peritrate (penta: 
| erythritol tetranitratej is indicated for the 
: relief of angina pectoris (pain associated 
with coronary artery disease! Ht is not 
intended to abort the acute anginal 


episode but it is widely regarded os use- 


ful in the prophylactic treatment of angina 
pectoris. 
Final-classification of the less-than- 
effective indications requires further 
ines ngaton: 


Confreindications: Baritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Dato supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 

riy days of the acute phase of myocardial 
infárcti ion (the period during which clinical 
and laboratory findings are unstable! are 
insufficient to establish safety. 

This drug.con act as o physiological 
antagonist to norepinephrine. ocetylcholine, 
histamine, and many oth 
Precautions: QU be 
patients who ; Tv eto 
ms drug. and cross-tolerc othe: r nitrites 
and nitrates may oc 
Adverse Reactions: Side effects reported to 
Bote have Peer T Meine related to rash 


vet ewe d sally m mild and transi rent with corn- 
anoaticn M AA E in some cases severe 
persistent headaches Md OCEN 

in addition, the folio: 
tor sitrates sucn ¢ $ 


fey i C 
ib 


ve effects of 
irite o e ind severe responses i nausea 
vomiting, weakness, restlessness, pallor 
perspiration and collapse! can occur, 
even with the usual therapeutic dose 
Alcohol may enhance this effect. 
Dosoge: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate! 80 mg ibid. on 
an empty stomachi, } tablet immediately on 
arising and 1 tablet 12 hours later. Tablets 
should not be chewed. 
Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mq, double 
layer, biconvex, dark green ‘light green toblets 
iri bottles of 100 (N 0047-0004- 51) and 1000 
(N 0047.0004- 60). Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-1)). 
Additional Dosage Forms: Peritrate 20 mg- 
light green, scored tablets in bottles of 100 
(N 0047-0001-51) and 1000 {N 0047-0001-60). 
Also in unit dose — pockage of 10 x 10 strips 
IN.0047-0001- HJ). Peritrate 10 mg — light green, 
urscored tablets in bottles of 100 {N 0047. 
0007-81) and 1000 {N 0047-0007-60). 
Full information is available on request. 





fense against attack. 


For over 22 years, Peritrate” has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks" With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 


Div. Warner-Lambert Company 
Morris Plains, N.J. 07950 


PE-GP-51 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


“The drug has been evaluated as possibly 
effective for this indication. 
See brief summary. 





Hypokalemia 

and the diuretic 
digitalis 4 
regimen: / 4 
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Tilting adelicate balance i 


Certain diuretics such as thiazides, furosemide, 
and ethacrynic acid may remove potassium and the 


resulting potassium deficit can rapidly trigger arrhythmias 


in the digitalized patient. Of course, potassium supplements 
should not be administered with any potassium- 


sparing diuretics such as spironolactone and triamterene. 





Kaon-CL 20% 


(potassium chloride) 





Offers an economical, convenient 
therapeutic dose to correct hypokalemia 
or treat mild digitalis intoxication. 


CONVENIENT, ECONOMICAL DOSAGE 


m Onetablespoon (15 ml.) 
provides 40 mEq. each of potas- 
sium and chloride...nearly twice 
the potassium content of most 
single effervescent tablets or 
packets of powder. 










m Pleasant Cherry Flavor: | — 
One tablespoon (15 ml.) mixed with | — 
six fluid ounces of water or other ue 
liquid, few palatability problems are 
encountered. Kaon-CL 20% must 
be diluted before administration 
=- to avoid gastrointestinal irritation. 


(See brief summary on following page for pi 
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and the dosage titrat to ac ve the 
Clinical anc ‘laboratory effe e vos Ae 
ated for the prevention of po sium depletion 
etary ir take of potassium is inadequate for this 
prop hylactic administration of potassium ion 
2 indicated in patients receiving digitalis and 
ics rr the treatment of congestive heart failure, 
- hepati IS with ascites, patients with hypertension 
i 0 long ot diuretic therapy, hyperaldosteronism states 
With deena, renal function, the nephrotic syndrome, and 
rtain di | states. 
ontri cations: Potassium supplements are con- 
a Aind jicated in patients with hyperkalemia since a further 
te bis (ease in serum potassium concentration in such pa- 
edad produce cardiac arrest. Hyperkalemia may 
mplicate any of the following conditions: Chronic renal 
em | 8, systemic. acidosis such as diabetic acidosis, acute 
a 7 dration, extensive tissue breakdown as in severe 
rns, adrenal insufficiency, or the administration of a 
assium- “sparing diuretic (e.g. spironolactone, triam- 





















Varn ings: Do not administer full strength. Kaon-CL 20% 
Seth cause gastrointestinal irritation if administered un- 
ai ilu E . For details regarding adequate dilution, see 
Do and Administration. 
PON patients. with impaired mechanisms for excreting 
| po S: MUT. the administration of potassium salts can pro- 
luce tkalemia and cardiac arrest. This occurs most 
only in patients given potassium by the intravenous 
e but may also occur in patients given potassium 
a Potentially fatal hyperkalemia can develop rapidly 

ge MU DPtORalic. The use of potassium salts in pa- 
jitt th chronic renal disease, or any other condition 
n ohake. potassium excretion, requires particularly 
Jl monitor! eot the serum potassium concentration 
] re riate os ee. adjustment. 

alemia shou not be treated by the concomitant 
ninistration of potassium salts and a potassium-spar- 
J í furetic ic (e.g. spironolactone or triamterene) since the 
nulta aneou administration of these agents can produce 
re hyperkalemia. 
ass um ber chloride tablets have produced stenotic and/ 
3 lesions of the small bowel and deaths. These 
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are caused by a high localized concentration of 
3 sium ion in the region of a rapidly dissolving tablet. 
C iuo njures — the bowel wall and thereby produces 
, hemorrhage, or perforation. 
ipekalernia | in patients with metabolic acidosis should 
ed with ; an alkalinizing potassium salt such as 
rbonate, potassium citrate, potassium ace- 
oe 0 asn gluconate. 

cautions: The diagnosis of potassium depletion is or- 
arily made "by demonstrating hypokalemia in a patient 
d FIGE history suggesting some cause for 
um depletion: In interpreting the serum potassium 
e physician should bear in mind that acute 
a losis per secan produce hypokalemia in the absence 
;of a deficit in total body potassium, while acute acidosis 
p Jer Se can increase the serum potassium concentration 
m o the normal range even in the presence of a reduced 

tal body potassium. The treatment of potassium deple- 
| pa ticularly i in the presence of cardiac disease, renal 
sis, requires careful attention to acid- 
alance and appropriate monitori of serum- 
y Hg electrocardiogram, and the clinical status 
Da atien Hery 
Adverse Reactions: The most common adverse reac- 
tions to Oral potassium salts are nausea, vomiting, ab- 
dorr in ri -discomfort and diarrhea. These symptoms are 
irritation of the gastrointestinal tract and are best 

by diluting the preparation further, taking the 
rm meals, or reducing the dose. 
__ The most severe adverse effects are hyperkalemia (see 
Con! taindications, Warnings and Overdosage) and 
ga Str vO cea al al bleeding or perforation (see 
TW f ning S). 
O! Wvardos sage: The administration of oral potassium salts 
to. perso ? ae normal excretory mechanisms. for 
assium rarely causes serious hyperkalemia. However, if 
ory mec lanisms are impaired or if potassium is ad- 
ministered too rapidly intravenously, potentially fatal hy- 
perkalemia can result (see Contraindications and Warn- 
ings). It i$ important to recognize that hyperkalemia is 

5 ally asymptomatic and may be manifested only by an 
increased serum potassium concentration and charac- 

istic. electrocardiographic changes (peaking of T- 
E loss of P-wave, depression of S-T segment, and 
Es of the OT ervah, Late manifestations in- 


patient but is typically in 
ed or the prevention of hy- 
es day or more for the treat- 












tion. 
us 5 mi). in six fluid ounces or more of 
mEq of potassium chloride. 
l Med twice. a day in six or more fluid 
ices of water ‘Re. other liquid pras 80 mEq- 
à SR c loride. 


| inpatients " Aa lema and > E 
€ l italis in- 
1g j the 2 serum potassium leve s should. 
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ermo dilution! 
| "CARDIOMAX" — AL 
CARDIAC OUTPUT COMPUTER-RECORDER-MONITOR 










*COMPLETE DYE DILUTION AND THERMODILUTION SYSTEMS 

*PROTECTION AND ALARM AGAINST OPERATOR ERROR 

*ELECTRICAL PATIENT ISOLATION BY “OPTICAL LINK” 

*MONITORS BLOOD PRESSURE. INDICATOR TEMPERATURE 
AND PATIENT TEMPERATURE 

*AUTOMATIC ZERO BALANCING!!! 

*WORKS WITH ANY THERMISTOR CATHETER (SMALL VOLUME - 
ROOM TEMPERATURE INDICATOR INJECTION). 

*COMPUTING ACCURACY: 1.0% ; 


Thermodilution Cardiac Output Computer 


“ CARDIOTHERM-500” 





“WILL WORK WITH ANY THERMISTOR CATHETER. 

*RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 

*AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPEREN 
TURE AND INDICATOR TEMPERATURE. 

* AUTOMATIC ZEROING. ; 

*ISOLATED CHART RECORDER OUTPUT. ARs: 

*EXTRAPOLATES DILUTION CURVE. EN 

*SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 

*PRICE: $3,300.00. 
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GUBELMAN CHART DIVISION 


100 East Kinney Street, Newark, New Jersey 07105 / (201)589-5970 
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Sensitive Recording Chart Paper has been the very best 
Next time you order recording charts for your hot stylus 


For years many people have known that Nashua Heat 
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Less anxiety before 
elective cardioversion. 


The patient is relaxed now, waiting quietly for you to begin. Al- 
though slightly drowsy, he appears well able to comply with instructions. 
And theres little trace left of the acute anxiety he was experiencing only 
a short while ago. 


Injectable Valium’ (diazepam) made the difference. Administered 
five to ten minutes before the procedure, Valium — 5 to 15 mg injected 
I. V. — generally calms the overly tense, apprehensive patient and re- 
lieves much of his “anticipatory” emotional distress. In many cases, 
this eliminates the need for general anesthesia and O.R. scheduling. 


In administering Injectable Valium, certain precautions must be 
taken. Valium must be injected slowly, taking at least one minute for 
each 5 mg (1 ml) given. To minimize local irritation, do not use small 
veins, such as those on the dorsum of hand or wrist. Extreme care 
should be taken to avoid intra-arterial administration or extravasa- 
tion. And Valium should not be mixed or diluted with other drugs, 
solutions or fluids. 








Although Injectable Valium (diazepam) seldom significantly alters 
vital signs, resuscitative facilities should be readily available. There 
have been occasional reports of apnea and/or cardiac arrest, particu- 
larly in elderly or very ill patients, or patients with limited pulmonary 
reserve. 


Injectable Valium not only lessens the patient's anxiety but also can 
markedly diminish his memory of the countershock. This frequently 
contributes to a more emotionally comfortable rehabilitative period. 
Equally important—it helps reduce apprehension if a repeat procedure 
should become necessary. 


Less recall afterwards. 
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Injectable Valium, 
: © 
(diazepam) 


for excessive anxiety prior to elective cardioversion 


Before prescribing, please consult complete product information, 
a summary of which appears on the next page. 
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Ed njecta ble Valiu M1 (diazepam) 


ready-to-use 2-ml Tel-E-Ject® (disposable Syringes) 


Taa R 


Before prescribing, please consult complete product information, 
-a summary of which follows: 


. Indications: Tension and anxiety states; somatic complaints which 
. are concomitants of emotional factors; psychoneurotic states 


manifested by tension, anxiety, apprehension, fatigue, depressive 


. symptoms or agitation; symptomatic relief of acute agitation, 
_ tremor, impending or acute delirium tremens and hallucinosis due 


" 


he 
“ 


L 


to acute alcohol withdrawal; adjunctively in: relief of skeletal 
muscle spasm due to reflex spasm to local pathology; spasticity 


. caused by upper motor neuron disorders; athetosis; stiff-man syn- 
. drome; tetanus; status epilepticus and severe recurrent seizures: 


adjunctively in anxiety, tension or acute stress reactions prior to 
endoscopic and surgical procedures; cardioversion. 


Contraindicated: In infants; in patients with known hypersensitiv- 


- ity to the drug; in acute narrow angle glaucoma; may be used in 
. patients with open angle glaucoma receiving appropriate therapy. 


Warnings: When used I.V., the following procedures should be 


_ undertaken to reduce the possibility of venous thrombosis, phle- 


bitis, local irritation, swelling, and, rarely, vascular impairment. 
Inject slowly, taking at least one minute for each 5 mg (1 ml) 


_ given; do not use small veins, i.e., dorsum of hand or wrist; ex- 
 treme care should be taken to avoid intra-arterial administration 


or extravasation. Do not mix or dilute with other solutions or 
drugs; do not add to 1.V. fluids. 


. Administer with extreme care to elderly or very ill and those with 

_ limited pulmonary reserve because of possibility of apnea and/or 

. cardiac arrest; have resuscitative facilities available. When used 

_ With narcotic analgesic eliminate or reduce narcotic dosage at 

_ least V5, administer in small increments. Should not be admin- 
istered to patients in shock, coma, acute alcoholic intoxication 
with depression of vital signs. As with most CNS-acting drugs, 

_ caution against hazardous occupations requiring complete mental 

 alertness (e.g., operating machinery, driving). Advise against 

- Simultaneous ingestion of alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those with barbiturates and 

alcohol) have occurred following abrupt discontinuance (con- 
vulsions, tremor, abdominal and muscle cramps, vomiting and 
sweating). Keep addiction-prone individuals under careful surveil- 

_lance because of their predisposition to habituation and depend- 

ence. In pregnancy, nursing women or women of childbearing 
potential, weigh expected benefit against possible hazard to 
mother and child. Not recommended for OB use. 


_Precaufions: If combined with other psychotropics or anticon- 
vulsants, carefully consider individual pharmacologic effects— 
particularly with known compounds which may potentiate action 
of Valium(diazepam), i.e., phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants. Protective 

measures indicated in highly anxious patients with accompanying 
depression who may have suicidal tendencies. Observe usual pre- 

cautions in impaired hepatic function; avoid accumulation in 
patients with compromised kidney function. Laryngospasm and 
increased cough reflex are possible during peroral endoscopic 
procedures; use topical anesthetic and have necessary counter- 
measures available. Hypotension or muscular weakness possible, 
particularly when used with narcotics, barbiturates or alcohol. 
Use lower doses (2 to 5 mg) for elderly and debilitated: safety 
and efficacy in children under 12 not established. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


2-ml ampuls 
10- ml vials 


5mg/ml 


Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombo- 
sis and phlebitis at injection site, confusion, depression, dysar- 
thria, headache, hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, changes in libido, 
urinary retention, bradycardia, cardiovascular collapse, hypoten- 
sion, blurred vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, jaundice. Paradoxical 
reactions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep disturb- 
ances and stimulation have been reported; should these occur, use 
of the drug should be discontinued. Cough, depressed respiration, 
dyspnea, hyperventilation, laryngospasm and pain in throat and 
chest have been reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic blood counts and 
liver function tests advisable during long-term therapy. Minor 
EEG changes, usually low-voltage fast activity, of no known 
significance. 


Dosage: Usual initial adult dose is 2 to 20 mg I.M. or I.V., de- 
pending on indication and severity. Larger doses may be required 
in some conditions (tetanus). In acute conditions injection may 
be repeated within 1 hour, although interval of 3 to 4 hours is 
usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated patients and when 
sedative drugs are added. (See Warnings and Adverse Reactions.) 


I.M. use: by deep injection into the muscle. 


I.V. use: inject slowly, take at least one minute for each 5 mg 

(1 ml) given. Do not use small veins, i.e., dorsum of hand or 
wrist. Use extreme care to avoid intra-arterial administration or 
extravasation. Do not mix or dilute with other solutions or drugs; 
do not add to I.V. fluids. 


Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and 
severe psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 
3 to 4 hours if necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary; 
muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 10 mg in 
3 to 4 hours if necessary (tetanus may require larger doses); 
status epilepticus, severe recurrent convulsive seizures, 5 to 10 mg 
I.M. or I.V. initially, repeat in 2 to 4 hours if necessary. In endo- 
scopic procedures, titrate I.V. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omitted ) 
immediately prior to procedure; if I.V. cannot be used, 5 to 10 
mg I.M. approximately 30 minutes prior to procedure. As pre- 
operative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg 
I.V., within 5 to 10 min. prior to procedure. Once acute symptom- 
atology has been properly controlled with injectable form, patient 
may be placed on oral form if further treatment is required. 


Management of Overdosage: Manifestations include somno- 
lence, confusion, coma and diminished reflexes. Monitor respira- 
tion, pulse, blood pressure; employ general supportive measures, 
LV. fluids, adequate airway. Use levarterenol or metaraminol for 
hypotension, caffeine and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 


Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of e 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml 
contains 5 mg diazepam compounded with 40% propylene glycol, 
10% ethyl alcohol, 5% sodium benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as preservative. 


By LEO SCHAMROTH, M.D., D.Sc., F.R.C.P., F.A.C.C., F.R.SAS.A.) 
Professor of Medicine, University of the Witwatersrand, 
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4. New ,.. ELECTROCARDIOGRAPHIC 3. THE DISORDERS OF | 
/— EXCURSIONS CARDIAC RHYTHM | 
This book focuses on the essential features——at times All aspects of disordered cardiac rhythm are covered | 

a single complex—of ECG presentations which con- comprehensively in this book. Special emphasis is on | 

. . Stitute clues to ultimate diagnosis. Studies range from basic mechanisms. Coverage includes recent concepts $ 
-othe elementary to the exotic, and include salient, yet such as sino-ventricular conduction, the idiofocal 
. often overlooked, aspects of ECG interpretation. For tachycardias, and the Wedensky Phenomena; plus such _ | 
beginners and experienced practitioners. controversial concepts as the re-entry theory and the — | | 
158 pages / 102 illustrations / 1976 (U. S.) "supernormal'" phase of conductivity. | 
$31.00 664 pages / 99 illustrations, — 11 

184 ECG case illustrations / 1971 / $54.00 .. | 

2. THE ELECTROCARDIOLOGY OF 4. AN INTRODUCTION TO 4th E | 
. CORONARY ARTERY DISEASE ELECTROCARDIOGRAPHY | Editon —— 
This book provides clinicians of all levels with a com- The emphasis in this beginning text is on simplicity and. | 

. pact, integrated review of electrocardiology in the di- on deductive rather than empirical ECG interpretation. | 
agnosis of coronary heart disease. Emphasis is on the Material added to this edition includes idioventricular | 
importance of recognizing not only distinguishing fea- tachycardia, idionodal tachycardia, hypothermia, ven- | 
tures of normal and abnormal ECGs, but variations that tricular flutter and the action potential of pace-making | 
may mimic cardiac disease. With 113 annotated illus- and non-pace-making cells | 
trative ECG studies. 226 pages / 191 illustrations | 
356 pages / 71 illustrations / 1975 $55.00 4th edition, 1971 /$10.25 | 





5. A PRACTICE OF CARDIAC CATHETERISATION ... 2nd Edition 


. By DAVID MENDEL, M.B., M.R.C.P. "p 
This edition of a well-regarded volume deals with: indications for ^ catheter techniques; measurement of pressure; blood sampling 
cardiac catheterisation; electrical safety; right heart catheteri- and its uses; and angiography. 

sation; atrial septal puncture; coronary arteriography; miniature — 416 pages / 95 illustrations / 2nd edition, 1974 / $22.50 


6. CARDIAC ARRHYTHMIAS: Practical ECG Interpretation 


.By STELIO MANGIOLA, M.D.; and MICHAEL C. RITOTA, M.D., F.A.C.P. 

Each arrhythmia in this unique, graphic approach to interpretation Magnified details focus on key features, and arrhythmias are 
is presented on facing pages; left hand pages have full-size presented in terms of atrial, nodal and ventricular components. 
tracings with ECG criteria and analytical Lewis Ladder diagrams; 

right hand pages illustrate the arrhythmia with 3-8 tracings. 215 pages / 400 illustrations / 1974 / $22.00 


7. LECTURE NOTES ON CARDIOLOGY... 2nd Edition 


By J. S. FLEMING, M.D., M.R.C.P.; and M. V. BRAIMBRIDGE, M.A., M.B., B. Chir, F.R.C.S. 
This book aims at presenting, as clearly as possible, the present on ischaemic heart disease and modern management of ar- 
day management of heart disease including diagnosis, prognosis — rhythmias in coronary care units. 

and treatment, both medical and surgical. Extensively revised to 

incorporate up-to-date cardiological practice, including the chapter 384 pages / 125 illustrations / 2nd edition, 1974 / $15.00 
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Philips Poly Diagnost C: aU-arm system 
with cranio-caudal capability 


Clear visualization 
of overlapping © 
vessels in cardiac 
angiography 





With the Poly Diagnost C, cranio-caudal 
(or hemi-axial) Capability is incorporated 
into a rotating U-arm system. Now, the 
X-ray beam can be both rotated around 
the patient and angulated along the 
transverse axis. The patient remains 
Stationary. Both brachial and femoral 
techniques are done with ease, even on 
tall patients. 

Hemi-axial capability lets you visualize 
what's been difficult to see in cardio- 
vascular examinations. Particularly the 
left coronary artery and its branches. The 
Poly Diagnost C gives clear, unobstructed 
views of these and other areas of cardiac 
anatomy —supplementary projections to 
help you detect stenosis which might 
otherwise be obscured. 

Philips’ new U-arm system reduces 
patient stress and insures a more efficient 
procedure in cineangiography and in both 
single and bi-plane modes. Equipped with 
a pivoting base, the U-arm parks quickly 
aside, thereby insuring easy use of large 
size film changers. 

Philips Poly Diagnost C: new directions 
for improved cardiovascular diagnostics. 


For additional information, contact your 
Philips representative. Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


7 10 Bridgeport Avenue, Shelton, Conn. 06484 
Tel. (203) 929-7311 
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Mir: Fukuda Denshi Ltd. 
Tokyo, Japan 


THE FINEST 
ELECTRO/ PHONO/ VECTOR 
 CARDIOGRAPHS! 


FD-31P THREE CHANNEL SYSTEM 
ECG/PHONO/PULSE 


c 2 wA A three channel direct writing system for simulta- 

d neous recording of three channel ECG or any 
combination of multi Phono/Pulse/ECG data. The 
system retains all the standard features of 3-chan- 
nel ECG with the added provisions of simultaneous 
Heart Sound, ECG and Pulse Wave recording. The 
FD-31P employs a special envelope detection 
method and includes the most advanced galva- 
nometer design providing optimum resolution of 
diagnostic information. Electrical safety is attained 
by floating input amplifiers. 


$3950.00 
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FJC-7110 "MINI-ECG" SERIES. COMPACT, LIGHTWEIGHT, 
MODULAR CONSTRUCTION, HIGH PERFORMANCE, 
EASY OPERATION. MEETS AHA SPECIFICATIONS. 


FJC-7110-A FJC-7110-B 
Portable DC battery 115V AC and Battery 
operated ECG and ECG Combination Unit 
Battery Power Pack includes 115V AC Power 
includes one set of "D" Pack, interchangeable 
cell batteries and all Battery Power Pack and 
standard accessories. all standard accessories. 
$860.00 $945.00 
FJC-7110-C RBPP-1 
115V AC ECG and AC Optional interchange- 
Power Pack equipped able rechargeable 
for 115V AC line Battery Power Pack, 
operation. Includes all including built-in 
standard accessories. recharger. 
$895.00 $150.00 





Other available products: 

m Two Channel Electrocardiograph (FD-20) m Two Channel Phono, ECG, or Pulse (DP-28) 
m ECG Tape Cassette System (SFR-11) u Ambulance Monitor 

B Three Channel ECG (DU-3S) w Monitor Oscilloscope (MS-10) 
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Call or write for further information. 


MEDICAL SYSTEMS CORP. 


230 Middle Neck Road, Great Neck, New York 11021 * (516) 466-2000 
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, RE A. |! NEWFELD, MD. E. | Fifty-one children with discrete aubvalvular aortic sten 
XANDER J. MUSTER, MD, FACC | between 1951 and 1974. The three anatomic types 
ON H: PAUL, MD, FACC |^. s) 
: ROUK S. IDRISS, MD. . (5 cases) and the tunnel type (3 cases). T TI 
pM E RIKER, MD pi severe, and the median left ventricular t aoric serm 
Chicago, Illinois 


associated cardiac defects, present. in 57 percent o 
masked the typical clinical and cardiac catheterizati 
aortic stenosis. The stenosis was often not discovere 
for the associated defect. 

Forty patients underwent surgical t vonéiction of ‘th 
obstruction. After surgery significant left ventricula 
gradients can be found at postoperative « cardiac cath 
gradients may reflect inadequate resection of the mor 
obstructions or represent proliferation and regrowil 
resected subvalvular fibrous tissue. The crit: o 
subaortic stenosis should be the angiographic dem D n 
subvalvular diaphragm and the presence of a resting ft 
aortic systolic pressure gradient of 40 mm Hg or more 


Discrete subvalvular m med constitutes 8 ti 
forms of left ventricular outflow obstruction report 
series.'-* Three types of discrete subvalvular aortic 
entiated from idiopathic muscular subaortic stenosis 
In the membranous type a thin fibrous. diaphrag 
ventricular outflow tract and is. located a few mill 
below the valve.55 This membrane may have attachme 
leaflet of the mitral valve and is usually not more than 
thick. In the second type, a somewhat thicker fibromusc 
can have a muscular base and form a. collarlike outflow t 
In the most severe obstruction from the standpoint of st 
a fibromuscular tunnel narrows. the left eee o 
several centimeters." 

The obstruction is usually severe, EEEE Tal and a left. ven 
peak systolic gradient of more than 60 mm Hg is co 
gurgitation of Various degrees i 18 often. associated, a 
mE damage to the valve leaflets by the jet flow of blood 
e Division of Cardiology and Cardiovas- subvalvular orifice. Some investigators’ ® 1 believe 
horacic Surgery, Willis J. Potts Children's intervention may prevent this damage to the : aort 
m ni of Podia : Memorial foil This report reviews the clinical, hemodynam 
spectrum of discrete subvalvular ae tic stenosi 
= cusses two important feature: not pre 
$i masking of the typical clinical 
the presence : of significan 
gressive nature of the left vent 
ds The sngierphie find ig 





liscrete subvalvular — 
re seen at Memorial Hospital __ 
rom 1951 to 1974 (1 Their ages when first 
om 18 days to 14 years (median 3 years). All the 
'rwent cardiac catheterization, and all but one 
lar pressure measurements and angiography. 
had surgical resection of the subaortic ob- 
n patients are dead, and postmortem exami- Aortic insufficiency was found in 28 patients (55 
pital and in 4 at otherineations (Tabe JIS Percent), 2 with an audible murmur and 6 withouta 
studies: Right and left heart catheteriza- recorded audible. TATU but with angiographically E 
ed in 43 patients, right heart catheterization confirmed mild aortic regurgitation. Twenty-three - 
» and left heart study alone in 7 patients. The Patients had mild insufficiency, as judged clinically and. 
dated with a mixture of meperidine, pro- angiographically. Two had moderate and three had Ae 
lorpromazine, The left ventricle was entered NC 244 d. fO 
anner in most cases, with a pullback pressure 
om the apex of the left ventricle to the as- TABLE Il 


Mortality Data (11 Cases) 


dure: The patients were operated on over 
by several surgeons, and the techniques 


69 pressures in the ventricle and aorta were | | Age at dE Lt 
die ud Diagnosis Death (yr) , Remarks 


ured in the operating room. After 1969 the 
was standardized, and all patients had left | TEN ONES 
ortic pressures measured at the termination Fibromuscular col- — 211/12 Acute CHF 20 months- 
5 bypass. i | lar * AS » | after aortic valvotomy: 
e all operated on utilizing cardiopulmonary Mun c Se ie 
le oxygenator (Temptrol) primed with bi ion fe a 0. 
f 5 percent dextrose, Ringer's lactate Fibromuscular 14 2/12 Diabetes mellitus, CHB 
1. Mild hypothermia of 30° C was used gonar 22 Maher adhue CM ache 
e heart with chilled Ringer's lactate | muscular collar; died 1 
on was an oblique aortotomy with exten- | day postoperatively — 
ion ary ao rtic cusp. : - n | | with low cardiac output i 
tracted and the fibrous portion of the rs ind Te bs poii a: X 
d with care not to injure the aortic leaflet cular oer aorte velud. 


re. When excision of a muscular component tion "— 
incision was limited to an area under the pd iir. i 1 d p und 4 
Stavad damara ta c ion ti struction + A: anion procedure an 
p to avoid damage to conduction tissue. + VSD + supra. PA bending. 
eee a ae _ valvular MS , E 
Results Pw M Membranous ob- 810/12 CHF, 5 months after 
| Pme p. Pru Tee struction * AS aortic valvotomy and 
an "a ore . & resection of membra- 
36 boys and 15 girls in the entire gro | nous obstruction : 
y 5:1) AE M d is its h d eB Sal Membranous ob- 2 days after closure of . 
n 69-1). 1 WO. patients ha a ciose struction + _ VSD and takedown of 
er with congenital heart disease. One had coarctation of PA banding 
severe isolated infundibular pulmonary ee PDA M 
other patient had an identical twin with Membranous ob- 106/12 . Day of operation, homo- | 
owes oP Ds struction + AS + graft replacement of — 
supravalvular AS , aorta, valvotomy and | 
+ supravalvular MS resection of membras ^ - 
| nous obstruction "t 
ee "E de s | Membranous ob- 12 3/12 6 days after closure of 
ty of 51 Cases of... -` struction * VSD VSD, grade IV puimo- : 
aS i nary vascular disease!* 
lar Aortic Stenosis Rc xoa lint Fibromuscular col- 2 3/12 Acute CHF at home. Re- - 
E | = n 51 lar + coarctation section of coarctation; _ 
A 25:1 (36/15) of aorta + VSD PDA ligation and PA ES 
EWC ^18 davs'to 14 vans *PDA - banding at age 6 weeks . 
i e rein 3 Voss) Membranous ob- 20 Complete heart block án 
wo 22. struction iatrogenic VSD at re- 
| section of membrano 
obstruction at age 
years. Pulmonary 
bolus.2 months 


p 
AS = aortic stenosis; 
söe heart block; CHF 





se of the heart failure. The perenne SLenosis was aar AS had 1 :elec 
overed in five of these patients only after the asso- a left ventricular to aortic peak 
sd defect had been surgically corrected or palliated. 
all, 22 pati ents in the series had symptoms; in ad- Forty-threé tisiiente (84 SUI rac 
ition to the 7 children: with congestive heart failure, 9 hypertrophy, and 12 of them demons 
dyspnea on exertion, 5 had syncope or faintness and of left ventricular strain with deeply 
had chest pain. Sudden death occurred in three pa- in the left precordial leads. In 17 pati 
nts, although only one death was of the nature usually ograms were normal initially but se 
ssociated with severe aortic stenosis. A 20 year old onstrated progression to. left vent ic 
oman with postoperative complete heart block died or strain, or both. | 
fter a pulmonary embolus 2 months after an un- 
ventful pregnancy (Case 11, Table II). A 15 year old 
hoy died after aortic valve rupture as a result of acute eft ventricular to aortic Te 
jacterial endocarditis (Case 4, Table ID. The third pressure gradient wa more than 50 
ath occurred suddenly at home i in a 2 year old child tients (88 percent). T ne gradients r r 
1 month before scheduled surgery (Case 10, Table IT). mm Hg (median 90). This gradient 
Electrocardiography: The electrocardiograms were the subvalvular region; in two of the 
eviewed for signs of ventricular hypertrophy and serial Beo valvular stenosis an ad di 
anges (Table III). Three patients consistently dis- 
played the Wolff- Parkinson-White pattern, and as- 


Cardiac Catheterization E 


ier ses. pressure ME increased 
tf 7 tients, and in 5 of these the increase wa: 
Electrocardiographie Findings in 151 Cases surgery for an. associated cardiac c 
children had cardiac catheterization 
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DISCRETE SUBVALVULAR AORTIC STENOSIS—NEWFELD ET AL. 


GRAD 40mmHg Í GRAD 75 mmHg 


FIGURE 3. Angiographic demonstration 
of the anatomic types of discrete subval- 
vular aortic stenosis. A and B, thin mem- 
branous type; C, fibromuscular collar type: 
D, fibromuscular tunnel type. AO = aorta: 
GRAD = gradient; LV = left ventricle. 





FIGURE 4. Angiographic features 
of discrete subvalvular aortic ste- 
nosis (arrows). A and B, aortogram 
and left ventriculogram in patient 
with associated aortic regurgitation. 
Star denotes the subvalvular 
chamber. C and D, left ventriculo- 
grams in two cases with associated 
muscular subaortic stenosis. Ab- 
breviations as in Figure 3. 





j July 1976 The American Journal of CARDIOLOGY Volume 38 


* cf 


«$7; Se yee BES (TR GU 
- nre » n =o, y dap. » ER Uu 
«^. S ur Cs iar 





EF p fg Priel ^or 


e^t 
M 


n x^ ^o zt 

MDA E TERASY 
CERS = 1 
^i MFAS fr I 


n 
D 


J subaortic obstruction. A spectrum was found that in- — 


cluded three basic types (Fig. 3). A thin fibrous dia- 
phragm (Fig. 3, A and B) was present in 43 patients. A 
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"thicker diaphragm with a muscular base, having the 
 angiographic appearance of a collar (Fig. 3C), was found 


in five patients. The difference between a somewhat 


. aortic valve. Other abbreviations as 
 inFigure 3. | 


. aortic valve and the lower arrows 


thicker fibrous diaphragm and a fibromuscular collar 


was only one of degree, and the distinction was not 
- clear-cut in every case. The third type was a tunnel-like 


narrowing of the left ventricular outflow tract (Fig. 3D) 
seen in three children. 

The demonstration of aortic insufficiency often 
provided the best delineation of the discrete obstruc- 
tion. With injection of contrast medium into the aorta 
(Fig. 4A), the subvalvular chamber was filled as a result 
of regurgitation of the medium with the lower border 
of the chamber consisting of the discrete diaphragm. A 
left ventricular injection in the same patient (Fig. 4B) 
also demonstrated the discrete diaphragm and the 


. subaortic chamber. 


Associated cardiac defects: Twenty-nine patients 
in the series (57 percent) had associated cardiac defects 


TABLE IV 


Associated Cardiac Defects in 51 Cases 
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Left to right shunts 18 
VSD (isolated) 7 
VSD + coarctation of aorta + PDA 3 
VSD + MS 1 
PDA 4 
Aortic-pulmonary window 1 
Aneurysm of membranous septum 2 

Obstructive lesions 11 
Muscular subvalvular AS 4 

AS 3 

Coarctation of aorta 

AS + supravalvular AS + MS 
Total 


CST Lada ceo EPUM MERC 
AS = aortic stenosis; MS = mitral stenosis; PDA = patent ductus 
arteriosus; VSD = ventricular septal defect. 


3 
1 
29 (57%) 
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Two patients had an aneurysm of the membranous — 
septum and may have fec 
underwent spontaneous c 
vessel level only was seen in five pati 
patent ductus arteriosus and one with aortic-pulmoi 
window. EAS 
There were 11 instances of additional left heart ob- 
structing lesions. Three children had severe aortic valv 
stenosis and each underwent aortic valvotomy. One 
child had aortic valvotomy at age 2 years, but the sub- 
valvular stenosis was not considered significant at the ~ 
time of surgery and resection was not performed. She : 
died of acute left ventricular failure 1 year postopera- - 
tively, and autopsy revealed severe subvalvular stenosis — 
of the fibromuscular collar type and marked left ven- 
tricular hypertrophy (Fig. 5) (Case 1, Table ID. m 
Six patients had coarctation of the aorta. Three had - 
isolated coarctation, and three had an associated ved 
tricular septal defect and patent ductus arteriosus. In ; 
two of these latter children, the left ventricular to aortic | 
pressure gradient was absent until after they underwen: 
surgical resection of the coarctation and patent ductu 
and pulmonary arterial banding (Fig. 6). STA. 
Muscular subaortic stenosis was found in four chil- 
dren, and surgical resection was considered necessary i 














muscular subaortic stenosis was similar to that seen i 

idiopathic hypertrophic subaortic stenosis (Fig. 4, C anc 
D). Echocardiograms obtained in two of them did nc 
show systolic anterior movement of the mitral valvet% 


- 


or asymmetric septal hypertrophy.'* LC 


Surgery b A 

Between 1959 and 1975, a total of 40 patients had 
surgical resection of the subaortic stenosis, and 3 had 
reoperation for severe residual obstruction. Thirty-two 


children had only subaortic resection at the primary 


operation, and eight had subaortic resection plus cor- 
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FIGURE 5. Valvular and subvalvular 
aortic stenosis. Left, preoperative 
left ventricular angiocardiogram. 
Right, postmortem findings. The 
upper arrows point to the stenotic 


_ point to the discrete subvalvular 
obstruction in both panels. AV — 
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- rection of an associated cardiac defect at the same op- 
 eration. There were two operative deaths at the primary 
. resection (Cases 2 and 8, Table II), an operative mor- 
tality of 5 percent; one death occurred after reoperation 
- for residual stenosis (Case 3, Table II). There were 20 
separate operations for associated cardiac defects, and 
there were three operative deaths (15 percent) (Cases 
_ 5,6 and 9, Table II). 
~ In four patients, permanent complete heart block 
developed at surgery. As mentioned, one of them died 
In the immediate postoperative period of a reoperation 
for residual stenosis (Case 3, Table II), and one died 
suddenly 7 years postoperatively from a pulmonary 
embolus (Case 11, Table II) 2 months after an un- 
eventful pregnancy. One child was found to have a left 
ventricular-right atrial shunt after resection of the 
muscular base of a subaortic fibrous diaphragm, and one 
patient with complete heart block was found to have a 
small iatrogenic ventricular septal defect. 


Discussion 


Severity and Progression of Left Ventricular 
Obstruction 


Discrete subvalvular aortic stenosis is often a severe 
form of left ventricular obstruction, and a left ventric- 
ular to aortic pressure gradient of more than 50 mm Hg 
was found in 88 percent of our study group. Forty-three 
patients (84 percent) manifested electrocardiographic 
evidence of left ventricular hypertrophy (Table III), and 
20 percent had T wave inversion in the left precordial 
leads, demonstrating left ventricular strain. 

. Ten patients who underwent serial cardiac cathe- 
terizations without surgery for the subaortic stenosis 
had progressively increasing degrees of obstruction (Fig. 
1). Five of the patients with associated defects had 
surgery for the associated defect in the interval between 
studies. Whether the progressive nature of the ob- 
struction is due to proliferation of the fibrous tissue 
further narrowing the lumen or to the fixed size of the 
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FIGURE 6. Discrete subvalvular aortic 
stenosis associated with coarctation of 
the aorta, ventricular septal defect and 
patent ductus arteriosus. A, initial car- 
diac catheterization at age 2 months. 
Left ventricular pressure is 110/8, 
aortic pressure 110/80 mm Hg. B, 
cardiac catheterization at age 7 years, 
postoperative resection of coarctation, 
ligation of patent ductus arteriosus and 
pulmonary arterial banding at age 3 1/2 
months. Left ventricular pressure is 
190/10, aortic pressure 110/60 mm 
Hg. LV = left ventricle; RV = right 
ventricle. 


TABLE V 


Associated Defects in Patients With Subaortic Stenosis: 
Present and Previously Reported Series 
SS a ie 3 


Patients With 
Associated Defects 


Total 
Patients % of 
Reference and Year (no.) no. Series 
Bea he ea Se S Dar edi Sy: 
Braunwald et al.' (1963) 20 5 25 
McGoon et al.? (1969) 30 8 26 
Reis et al.’ (1971) 30 16 53 
Shariatzadeh et al. (1972) 20 2 10 
Kelly et al.? (1972) 25 6 24 
Champsaur et al.'? (1973) 20 5 20 
Blieden et al.'' (1973) 34 12 35 
Present series (1976) 51 29 57 


orifice relative to the growth of the patient is not known. 
Several patients whose data are shown in Figure 1 were 
underdeveloped physically at the time of the first car- 
diac catheterization, and manifested improved growth 
at the time of the second study. An accelerated growth 
spurt may be another factor in some of the apparent 
progression demonstrated. Progressive proliferation of 
fibromuscular tissue occurs in the left ventricular out- 
flow tract of some patients with complete transposition 
of the great vessels, and results in a left ventricular 
outflow tract pressure gradient, but the mechanism of 
progression may be quite different in these two condi- 
tions. 


Associated Defects 


Associated cardiac defects (Table IV) were found in 
more than half of our patients (57 percent), an incidence 
greater than that reported in most other large series 
(Table V). Significantly, the diagnosis of subaortic 
stenosis was not suspected initially in 19 of the 29 chil- 
dren (65 percent) with these associated cardiac defects. 


FIGURE 7. Discrete subvalvular aortic 
stenosis (arrows) and associated 
ventricular septal defect. A, initial 
cardiac catheterization at age 3 
months; left ventricular pressure is 
100/10, aortic pressure 95/50 mm Hg. 
The ventricular septal defect was sur- 
gically corrected at age 4 years. B, re- 
peat cardiac catheterization at age 7 
years; left ventricular pressure is 
165/7, aortic pressure 90/60 mm Hg. 
AO = aorta; LV = left ventricle. 
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This finding was most common in the presence of a large 
left to right shunt. None of the other reported series of 
patients with this lesion mention the possibility of the 
associated defect masking the diagnosis of discrete 
subaortic stenosis. 

Patent ductus or aortic-pulmonary window: In 
the five children with shunts at the great vessel level, the 
diagnosis of subaortic stenosis was not considered until 
a loud cardiac murmur became evident after the shunts 
were surgically closed. None of them had left heart 
studies preoperatively, but all had a left ventricular to 
aortic pressure gradient of 50 to 100 mm Hg at cardiac 
catheterization studies 1 to 7 years after surgical closure 
of the shunting lesion. 

Ventricular septal defect: In three of the seven 
patients with an associated isolated ventricular septal 
defect, the diagnosis of subaortic stenosis was not ap- 
parent until cardiac catheterization was repeated after 
closure of the ventricular defect. Intraoperative pressure 
measurements in the aorta and left ventricle were not 
routinely performed after closure of the defect. One of 
these children (Fig. 7) had a preoperative study at age 
29 months that revealed the ventricular septal defect 
but no significant left ventricular to aortic pressure 
gradient. However, later review revealed demonstration 
of a subaortic diaphragm in the angiocardiogram (Fig. 
7A, arrow). The ventricular septal defect was closed 
surgically at age 4 years. Cardiac catheterization per- 
formed at age 7 years because of a persistent systolic 
murmur and left ventricular hypertrophy demonstrated 
a 75 mm Hg left ventricular to aortic gradient, and the 
angiogram more clearly demonstrated the constricting 
fixed subvalvular diaphragm (Fig. 7B, arrow). 

Initial absence of pressure gradients also occurred in 
two patients with a combination of ventricular septal 
- defect, coarctation of the aorta and patent ductus ar- 
teriosus (Fig. 6). As in the previous case, the preopera- 
tive study did not reveal significant pressure gradient. 
Again, retrospectively there is a suggestion in the an- 
giogram of a subvalvular narrowing (Fig. 6A, arrow). 
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Cardiac catheterization 6 1/2 years after surgical re- 
section of the coarctation and pulmonary arterial 
banding revealed a left ventricular to aortic gradient of. 
80 mm Hg, and the angiocardiogram more clearly - 
demonstrated the subaortic stenosis (Fig. 6B, arrow). 
There are several possible explanations for these 
findings of obscured left ventricular outflow tract ob- 
struction. One is that the subaortic stenosis was initially ~ 
minimal but became progressively more severe over 
several years. Our study and others* have demonstrated — 
that such progression can occur in some patients, even — 
without associated cardiac defects. Another possibility: 
is that a large ventricular septal defect proximal to the 
subaortic stenosis can, by decompressing the left ven- 
tricle, minimize the left ventricular outflow tract pres- 
sure gradient until the ventricular septal defect i 
closed. Only after the defect is closed will the pressure i 












gradient be fully revealed. e 
Coarctation: In the presence of coarctation of the 
aorta and ventricular septal defect, the combination of 
severe congestive heart failure and distal aortic ob- | 
struction may be sufficient to minimize the subaortic es 
gradient. After surgical resection of the coarctation andi 
pulmonary arterial banding relieve the congestive heart. 
failure, the left ventricular to aortic gradient becomes | 
manifest. ae 
Valvular aortic stenosis and muscular subaortic 
stenosis: The presence of valvular, supravalvular Or. 
muscular subvalvular aortic stenosis in association with - 
discrete subaortic stenosis makes accurate diagnosis 
difficult. High quality left ventricular angiography is. 
necessary to demonstrate the discrete subvalvular ob- 
struction. If present, this should always be resected at. 
the time of surgery for the other obstructing lesion 


Failure to do so may have contributed to a preventable 
sudden death in our Case 1 (Fig. 5). T 






. M 
Criteria for Surgery » 


Because of the likelihood of progression of the left. 
ventricular outflow tract obstruction in discrete sub- 
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_ sure gradient criteria for operation as those used in 
-. valvular aortic stenosis. The presence of a left ventric- 
_ ular to aortic pressure gradient of 40 mm Hg with iso- 
-. lated discrete subaortic stenosis is a reasonable criterion 
_ for surgical resection, since progression to much higher 
_ gradients is probable. The discovery of a discrete sub- 


-— aortic stenosis in association with other cardiac defects 
EO 


- Should prompt resection at the time of surgery for other 
_ defects, even if the gradient is less than that usually 












- considered to represent significant left heart obstruc- 


_ tion. 


- sure of the defect, and its appaearance was the same as 
- that found in patients with a significant gradient. We 
_ believe that if the membrane had not been resected at 
_ the time of closure of the defect it would have subse- 
- quently produced significant left heart obstruction. 
Aortic regurgitation: Early surgical resection of a 
- subaortic diaphragm may prevent damage to the aortic 

alve commonly associated with discrete subaortic 
_ stenosis. Thickening of the aortic valve cusps produced 
by the turbulence of blood flow through the stenosis is 
believed by some investigators! to lead to aortic re- 
-gurgitation. Three patients in our study had severe 
aortic insufficiency, and two have had valve replace- 
- ment. Valve replacement may be required in the future 
- for other patients whose aortic regurgitation is now only 
moderately severe. 







" V 
SPP M RS 











Persistence of Significant Obstruction After Surgery 

-.. Seventeen of the 40 patients who had surgical resec- 
-tion for the discrete subaortic stenosis had cardiac 
catheterization from 1 to 8 years postoperatively (Fig. 
2). In nine of these patients, the residual left ventricular 
4 o aortic gradient was 50 mm Hg or greater, and three 
lave had repeat surgical resection. The subvalvular 
‘stenosis was caused by more than just a thin diaphragm 
in five of these children. Three had associated muscular 
S ubaortic stenosis, one had a fibromuscular collar type 














of stenosis, and one had a tunnel type of obstruction. 

All but two of these patients were operated on before 
1969, and the techniques of surgery varied. Also, in- 
traoperative post-pump pressures were not obtained, 
so we do not know whether the gradient found at post- 
operative cardiac catheterization represents obstruction 
not adequately resected at the initial surgery, or actual 
regrowth of the subvalvular tissue. [In two patients 


ost-pump gradients were measured, and in one an 18 


mm Hg gradient increased to 50 mm Hg at a catheter- 
ization study performed 5 years postoperatively and in 
he other patient a 40 mm Hg post-pump gradient in- 
creased to 80 mm Hg 2 years after operation. Both of 


these patients had associated muscular stenosis. 
gr ; D: 
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Associated muscular aortic stenosis: Reis et al: 
demonstrated a decrease in the muscular component 
of obstruction associated with discrete subaortic ste- 
nosis in several patients at serial postoperative cardiac 
catheterizations. In that series, however, some ob- 
struction was found to persist as demonstrated by ab- 
normal postextrasystolic beat responses. Three of the 
four patients in our study with associated muscular 
subaortic stenosis had cardiac catheterization after 
surgical resection of the discrete stenosis and myectomy. 
A residual gradient of 80, 60 and 80 mm Hg was noted 
2, 5 and 8 years, respectively, after operation. 

Causes of persisting obstruction: The surgeon may 
be reluctant to excise radically the obstructing tissues 
because of the possibility of damage to the mitral valve, 
production of complete heart block or the creation of 
ventricular septal defects. Iatrogenic ventricular defects 
occurred in two patients in our series. 

Persistence or recurrence of significant subaortic 
stenosis after surgical resection has been reported by 
other investigators.!38-1014 When the stenosis is due 
to a thin fibrous diaphragm, adequate surgical resection 
will generally result in permanent relief of the ob- 
struction. When there is a thick muscular base of the 
diaphragm, or it has significant attachment to the mitral 
valve, relief of the stenosis can be less satisfactory. At- 

tempts to relieve the tunnel type of subaortic stenosis 
have been generally poor.?? It is also possible that in 
some patients the residual stenosis documented at 
postoperative cardiac catheterization is due to prolif- 


eration and regrowth of fibromuscular obstructive tis- 
sue. 


Conclusions 


Discrete subvalvular aortic stenosis can be a cause of 
severe left ventricular outflow obstruction, even in in- 
fants and young children. It can produce a progressive 
obstruction, and usually causes severe left ventricular 
hypertrophy. Associated cardiac defects occur in ap- 
proximately half of the patients, and their presence can 
obscure the clinical and catheterization diagnosis of the 
subaortic stenosis. 

Surgical resection of the discrete subvalvular ob- 
structing tissue usually relieves the stenosis particularly 
when it is due to a thin fibrous diaphragm, but signifi- 
cant left ventricular aortic gradients have been found 
postoperatively. These postoperative pressure gradients 
may reflect inadequate surgical resection of the more 
complex discrete obstructions, or may represent pro- 
liferation of the previously resected subvalvular fibrous 
tissue. Serial cardiac catheterizations postoperatively 
in most patients with discrete subaortic stenosis are 
necessary to detect either residual obstruction or re- 
stenosis years after operation. 

The criteria for operability for discrete subaortic 
stenosis should not be as stringent as for valvular aortic 
stenosis. The angiographic demonstration of a discrete 
subvalvular diaphragm and the presence of a left ven- 
tricular to aortic pressure gradient of 40 mm Hg or 

greater should prompt surgical resection of the lesion. 
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A Pulmonary blood flow distribution was studied by scintillation scanning 
» Mi of the lungs after the infusion of iodine-131—labeled macr 
MD, FACC —— | : apa 


transposition of the great arteries. The patients were classified as follows: n 
Group ! (24 infants with uncomplicated transposition of the great arteries); 
Group Il (18 patients with transposition and ventricular se tal defect); and 
Group Ill (11 patients with transposition, ventricular septal defect and - 
pulmonary obstruction). ae 


blood flow, 21 had preferential flow to the right lung and 3 had preferential 

flow to the left lung. The scanning studies have proved helpful in follow-up. 
of patients to rule out recurrence of the shunt, pulmonary or systemic 

venous obstruction, development of pulmonary hypertension and occlusion. 
of a palliative systemic-pulmonary shunt. | 


Unequal regional distribution of pulmonary blood flow associated with. . 
congenital heart disease has been reported,!-? but we know of nosingle. - 
large series intended to elucidate the distribution pattern of pulmonary. 
blood flow in transposition of the great arteries. This study was initiated a 


prospectively to evaluate this pattern before and after hemodynamic | 
corrective surgery in children with transposition. Pulmonary blood flow |. 
distribution can now be determined accurately and reproducibly by ` 
scintillation scanning of the lung after infusion of iodine-131-labeled ` 
macroaggregates of human albumin.4-9 — 


Material and Methods 


Fifty-three patients with transposition of the great arteries were studied within - 
a 3 year period. In 35 patients, pre- and postoperative scintillation lung scans. i, 
were obtained; in 7 lung scans were obtained only preoperatively and in 11 only. 
postoperatively. The age of the patients ranged from 4 weeks to 35 years, ^. 
Thirty-nine were less than 2 years old; only 2 were more than 12 years old. In. - 
all patients complete correction of transposition of the great arteries was per- 
formed by the intraatrial baffle technique developed by Mustard in 1963. 
Forty-nine patients in this series were operated on under surface-induced deep 
hypothermia, limited and circulatory arrest. 131] 
travenously into a right arm- 
t | patient supine. The injections: 
ment of Cardiovascular Sur- e the Valsalva maneuver may 
Radiology, Buffalo Children's. m the vein into the thorax. A sedative 
+ Manus on were enough : 
anterior and 





reoperative lun 


at h the che : 


tion data and angiocardiograms. To protect the thyroid, 
patient who had not had a recent angiographic study was 


Lugol’s solution orally (0.3 drops/kg body weight daily, 
nal dose 15 drops) for 3 days, commencing at least 1 hour 
ore scanning. No complications resulting from the use of 
e I'3!_macroaggregated serum albumin were observed in any 
jatient studied. The results in any given case were essentially 
producible at any given instance when repeated by different 
echnicians. | 
n this study the pattern of distribution of pulmonary blood 
ow was considered normal when the distribution to the right 
1g was 53 + 2.3 (mean + standard deviation) of the total 
oncentration of radioactivity and the ratio distribution per 
nit of lung volume in the upper third was 0.43 + 0.08.8 A 
pattern of pulmonary arterial hypertension was considered 
resent when the upper and lower thirds of the lung showed 
ual distribution of radioactivity. In 35 infants the changes 
he scan patterns before and after surgery were carefully 


Results | 


Close correlation was found between the preoperative 
angiocardiogram and lung scan. The chest roentgeno- 
gram showed no such correlation with the angiocar- 

liogram or lung scan. The 53 patients were classified in 

e following groups: Group I (24 infants with uncom- 

icated transposition of the great arteries); Group II 

3 patients with transposition of the great arteries and 

'entricular septal defect); and Group HI (11 patients 
ith transposition of the great arteries, ventricular 
septal defect and pulmonary obstruction due either to 

monary banding [8 patients] or valvular or infun- 
ular stenosis [3 patients). 


Group I: Preoperatively, 9 of 17 patients (53 per- 


nt) had a normal distribution pattern of pulmonary 
blood flow. One of these nine patients had a pattern of 


ilmonary arterial hypertension but normal pulmo- 
ary arterial pressure. Among the remaining eight pa- 

ints, blood flow to the right lung ranged from 56 to 65 
percent in one and from 66 to 80 percent in one; two 


tients manifested preferential blood flow to the left 
ig of 60 to 80 percent, and in four blood flow distri- 


ipreoperativelungscan — 
nograms, cardiac cath- 


to the right lung ranged from 56 to 6 
(18 percent) from 66 to 80 peret 
Group II: In 7 (50 percent) of 14 p 
tive lung scans revealed a normal patter 
of pulmonary blood flow. One of the sever 
a pattern of pulmonary arterial hypertensio 
with a pulmonary arterial pressure grea 
Hg had a normal lung distribution patte 
remaining seven patients, blood flow to 
ranged from 56 to 65 percent in five patie 
these had a pattern of pulmonary arterial 
but only two of them had a pulmonary a 
greater than 40 mm Hg. In two patients t 
distribution could not be evaluated bec: 
systemic shunt. EN 
Postoperatively, 5 of 13 patients stud 
mal distribution pattern of pulmona 
Among the remaining eight patients, in 
one with a pattern of pulmonary arteri 
blood flow to the right lung ranged from 
cent, and in two it ranged from 66 to 80 p. 
others blood flow to the left lung ranged fro 
percent (Table I). | 3 
Group III: A normal distribution patte 
nary blood flow was found in 5 of 10 pa 
cent) studied preoperatively. Among the 
patients blood flow to the right lung range 
65 percent in one and from 66 to 80 per 
tients; in two patients the distribution pa 
be evaluated because of a large systemi 
low level of pulmonary blood flow (Fi 
Postoperatively, five of eight patien 
distribution pattern of pulmonary blooc 
Of the remaining three, two had a pre 
flow to the right lung of 60 percent ando 
tial blood flow to the left lung of 65 per 
In Group I blood flow distribution to 
tended to be slightly greater after operatio 
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"Ain ERE | ood flow determined by th ! perfusion lun 

T Discussion scan and cardiac catheterization and angiocardiographi 
e rate of accumulation of a substance in any region findings was found by others?9.12-14 and by us in this 
directly proportional to the blood flow to series. A normal distribution of pulmonary blood flow 
rovided the substance is completely re- was found preoperatively in 21 of our patients with. 
the blood and is not metabolized during the transposition of the great arteries whereas 10 had 


observation. To evaluate the pattern of dis- preferential flow to the right lung and 2 had preferential: 

of pulmonary blood flow in patients with flow to the left lung. Postoperatively, 19 patients had - 

ion of the great arteries before and after a normal flow pattern, whereas 21 had preferential flow . 

correction, the distribution of radioactivity to the right lung and 3 had preferential flow to the left |. 
intillation lung scan after injection of I!31. lung. When this group of patients was separated into 

paggregated albumin was utilized. In more than patients with uncomplicated tra : 


s 


pulmonary arterial obstruction either by pulmonary 
arterial banding or subpulmonary stenosis (Group IID), 
no significant difference was found among groups in the - 
proportion of different patterns of pulmonary blood: E 
flow distribution. 
In nine patients the preoperative pulmonary blood: 
flow pattern could not be evaluated because of a large 
systemic shunt leading to a low level of pulmonary bloc 
flow and consequently a very low level of lung radioac- 
tivity. No patient had postoperative evidence of a sys- 
temic shunt. Pulmonary arterial hypertension may re- 
sult in an abnormal distribution of radioactivity inthe = 
lung field. However, we found no close correlation be- 
tween the classic pattern of pulmonary arterial hyper- 
tension and pulmonary arterial pressure. Pulmonary 
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FIGURE 3. Group li. Pre- and postoperative pulmonary blood flow dis- 


tribution in 11 patients with transposition of the great arteries and 
ventricular septal defect who underwent Mustard’s procedure for 


omplete correction. 


venous hypertension, on the other hand, causes a 


characteristic redistribution of pulmonary blood flow 


and abnormal perfusion scans. Therefore, the post- 


operative lung scans in the diagnosis of venous ob- 


struction after Mustard's procedure should be useful. 
lo patient in our series had signs of pulmonary venous 
pstruction in the postoperative lung scan. 


. Correlation of chest roentgenogram, lung scan 
and angiocardiogram: Muster et al.14 reported cor- 


relation of the chest roentgenogram, lung scan and an- 


giocardiogram in five infants with diminished left pul- 
monary flow in transposition of the great arteries not 
suspected from the chest roentgenogram before angi- 
ography. Lung scans in these five patients corroborated 
the angiographic finding, showing a meanuptake for the 
'oup of 22 percent in the left and 78 percent in the right 
ng. Muster et al.!4 considered two mechanisms for this 


unequal distribution of pulmonary blood flow: (1) The 


existence in transposition of an unusual angulation of 


the right and left pulmonary arteries at their junction 
with the main pulmonary artery may result in prefer- 
ential flow to the right pulmonary artery and (2) a 
oanda effect generated in transposition by accelerated 
ood flow across the left ventricular outflow tract may 
avor bloodstreaming along the right wall of the pul- 
monary artery. In our series, we also found no correla- 
ion between the chest roentgenogram and either the 
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PRE 

oP : 
FIGURE 4. Group Ill. Pre- and postoperative pulr 
distribution in five patients with transposition of the g 
ventricular septal defect and pulmonary obstruction 
Mustard's procedure for complete correction. —. 


lung scan or angiocardiogram, butac ose 
between the lung scan and angiocardio 


ability of the chest roentgenogram to s 
distribution of pulmonary blood flow.co 
y the large shunt and low pulmonary. lov 
in our patients. Nevertheless, as a screeni 
and for a serial study of the effect: of 
vention, the lung scans provide physio 
tomic information. Cox 
Clinical applications: The atraumatic a 
vasive nature of this examination deservt 
atric age group. TI 
jon an outpatient. 


low-up st 

shunt of transp 

development of pulmonary venous ny 
method is technically simple, withou 
plicable to large numbers of patients. 
portant postoperative follow-up info: 
tients in our institution with cyanotic 


ung scan. 
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KALIM U. AZIZ, MD The position of the interatrial baffle was determined by ec 

MILTON H. PAUL, MD, FACC in 11 patients with complete transposition of the great ai 

ALEXANDER J. MUSTER, MD, undergone the Mustard operation. The location of the interat 

E the newly created systemic venous atrium and the pulmo 
atrium behind the pulmonary arterial root was established 
diographic contrast studies during cardiac catheterization. 
analysis indicated that the segments of the systemic and jul 
nous atria seen behind the pulmonary arterial root in the echoca 
were, respectively, the superior limb of the systemic venous 
the posterior segment of the pulmonary venous atrium. The ar 
tral-pulmonary valve continuity in the echocardiogram was u 
reference point for dimensional measurements of the systemi 
monary venous atria. It is suggested that longitudinal measu 
these structures by echocardiogram may help evaluate t 
size. Fine to coarse fibrillatory movements of the atrioventricular va 


and, more frequently, of the mitral valve were seen in 
patients. 


The echocardiogram has been reported to have diagnosti 
transposition of the great arteries.’ The left ventricle anc 
arterial root can be studied by echocardiography witk rej 
of transposition of the great art 
of an interatrial 


pulmonary venous blood | 
of the size of the systemic venous atrial chamber created 
atrial baffle are important in a growing child to determin 
atrium is continuing to grow and provide an adequate c 
creasing venous return. | = 
The purpose of this study was to determine whether tt 
gram could be used to identify and localize the position of 
baffle and the newly created systemic and pulmonar: 
chambers and to assess their dimensions noninvasiveh 
T DEM the Mustard operation on atrioventricular (A-V) valve: 
Vihe Divisi | examined. 
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echocardiograms were 

edi ter cardiac catheterization f mitral TT 
© assess the adequacy of the Mustard easured at 
D. 7 7 ent a rela- 

n of the baffle and a segment of the systemic es. In sevei 
chamber was determined with echocardiographic heterization 
dies during cardiac catheterization. The systemic the systemic 
1m was delineated by the appearance of clouds of venous atrium were correlated with the angiographic ante- 
the rapid injection of 5 to 10 ml of saline solution roposterior dimensions of the superior limb of this chamber 
ie catheter placed in that chamber. at a level immediately posterior to the pulmonary arterial root. 
vely reproducible echocardiographic dimension of (Fig. 2). In the remaining two patients (Cases 3 and 7) angio- 
uctures was obtained by identifying the point of mi- grams satisfactory for analysis were not available. Angio- 
monary valve continuity, a, point of reference. The graphic magnifications were corrected using the image size 

of the pulmonary arterial root was measured at of the catheter in the systemic venous atrium. 
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FIGURE 1. Case 11. Echocardio- - 
gram obtained by scanning from the 
pulmonary arterial root (PA) toward 
the left ventricle (LV). Note the 
contínuity of the posterior pulmo- 
nary arterial wall with the anterior 
leaflet of the mitral valve (MV)... 
Echoes of the interatrial baffle (B): 
are located behind the posterior 
wall of the pulmonary arterial root 
and establish dimensions of the 





Results 


Echocardiographic localization of systemic ve- 
nous atrium: The pericardial interatrial baffle forming 
the systemic venous atrium was recognized as an ab- 
normal linear echo behind the pulmonary arterial root, 
located approximately halfway between the posterior 
wall of the pulmonary artery and the posterior wall of 
the pulmonary venous atrium; this observation confirms 
recent findings.? Scanning from the pulmonary artery 
to the left ventricle demonstrated continuity of the 
posterior pulmonary arterial wall with the mitral valve, 
whereas the interatrial baffle echo ended near the mitral 
valve anulus (Fig. 1). Ultrasonic contrast studies during 
cardiac catheterization confirmed that the area between 
the posterior pulmonary arterial wall and the interatrial 
baffle was indeed the systemic venous atrium. The 
location of this atrium was further verified by the rapid 
sequential appearance of the echoes in the pulmonary 
artery (Fig. 3). We have now been able to locate these 
structures consistently in patients with transposition 
who have had the Mustard operation. 

Cardiac catheterization findings: Nine of the 11 
patients were restudied with cardiac catheterization 
after the Mustard operation, and all were considered to 
have satisfactory repair (Table I). In two children (Cases 
3 and 7), mild pulmonary venous obstruction was 
demonstrated by the presence of a mean pressure gra- 
dient of 8 and 10 mm Hg, respectively, between the 
pulmonary arterial wedge pressure and mean pressure 
in the pulmonary venous atrium. Pulmonary arterial 


FIGURE 2. Case 11. Lateral views 
of superior vena caval angiograms. 
Panels A to C show sequential 
opacification of the systemic ve- 
nous atrium (SVA), left ventricle 
(LV) and pulmonary artery (PA). 
Levophase film (panel C) shows 
opacification of the posterior seg- 
ment of the pulmonary venous 
atrium (PVAp) and its anterior seg- 
ment (PVAa). Finally, the right 
ventricle (RV) and aorta (AO) are 
opacified. Anteroposterior views 
(panels D and E) further elucidate 
the anatomic configuration of the 
systemic (panel D) and the pul- 
monary (panel E) venous atria. T 
bars (panel D) indicate the superior 
and inferior limbs of the systemic 
venous atrium. Multiple arrows in- 
dicate the position of the mitral 
(panel D) and tricuspid (pánel E) 
valves. The dotted lines in both 
views indicate the areas presumed 
to be traversed by the echocardi- 
ographic beam. 
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ECHOCARDIOGRAM AFTER MUSTARD OPERATION—AZIZ ET AL. 


pressures in both patients were normal. A mild peak 
systolic pressure gradient (10 to 24 mm Hg) was noted 
across the left ventricular outflow tract in seven of the 
nine patients studied. One patient (Case 8) had a 
moderate pressure gradient (36 mm Hg) from the left. 
ventricle to the pulmonary artery and one (Case 9) had 
no significant gradient. Significant superior or inferior 
vena caval obstruction was not noted in any of these 
patients, and the maximal mean pressure gradient be- 
tween the inflow caval vessels and the systemic venous. 
atrium was 4 mm Hg, noted in two patients (Cases 4 and 
9). 

Echocardiographic dimensions (Table I): The 
mean interval between Mustard repair and echocardi- 
ographic study was 36.2 months (range 27 to 79). The 
mean echocardiographic dimension of the systemic 
venous atrium as measured behind the pulmonary ar- 
terial root echo was 0.83 cm (range 0.58 to 1.10). In seven 
patients, a reasonable agreement was noted between 
echocardiographic and angiographic dimensions of the 
systemic venous atrium when this chamber was mea- 
sured behind the pulmonary arterial root (Fig. 4). The 
mean amplitude of the baffle movement was 5.3 mm 
(range 3 to 8). Baffle movements were primarily anterior 
during systole although both anterior and posterior 
movements occurred during some systolic and diastolic 
phases of the cardiac cycle. x 

The pulmonary arterial root dimensions demon- 
strated relatively linear correlation with body surface 
area, but neither the systemic venous atrial dimension 
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. nor the posterior segment dimension of the pulmonary to be intermittent or cyclic in the continuous record. 


. venous atrium showed such correlation in this smail Similar coarse fibrillatory movements of the tricuspid 
. population sample (Fig. 5). valve were noted less frequently (4 patients). The mean 
_ Atrioventricular valve movements: Atrioventric- amplitude of mitral valve movement was 1.8 cm (range 
-ular (A-V) valve movements were abnormal in most of 1.2 to 2.5). In three patients, systolic anterior motion of 
_ the 11 patients. The mitral valve in 8 patients showed the mitral valve was present in various degrees; two of 
-. fine to coarse fibrillatory movements of both the ante- these patients (Cases 3 and 7) had a mild left ventricular 
rior and posterior leaflets during diastole (Fig. 6). In outflow tract pressure gradient of 14 and 24 mm Hg, 
. some strip chart recordings, this abnormality appeared respectively. 
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FIGURE 3. Case 4. Echocardiogram 
showing the systemic venous atrial 
chamber (SVA) behind the posterior 
wall of the main pulmonary artery 
(PA). Injection of saline solution into 
the inferior vena cava results in 
clouds of echoes appearing first in 
the systemic venous atrial chamber 
and thereafter in the pulmonary ar- 
tery. The pulmonary venous atrium 
(PVA) is posterior to the systemic 
venous atrium. B = atrial baffle. 
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Ex ESHO DIMENSION, (cm) FIGURE 5. The anteroposterior dimension of the pulmonary arterial root 
FIGURE 4. Anteroposterior dimensions of the superior limb of the (triangles) bears a statistically significant relation to body surfact area 
systemic venous atrial chamber by echocardiographic (ECHO) and (r = 0.68) in nine patients studied with cardiac catheterization. This 


angiographic (ANGIO) methods in seven of nine patients studied with relation is not present for the newly created systemic venous atrial 
cardiac catheterization studies. chamber (circles) in these patients. 
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FIGURE 6. Case 9. Echocardiogram 
demonstrating fine and coarse fi- 
brillating movements of the mitral 

valve leaflets after the Mustard op- 
eration for transposition of the great 
arteries. Varying degrees of systolic 
anterior movement of the mitral 

— . valve are also evident (arrows). LV 
= left ventricle; RV = right ventri- 

~ -. cle; S = interventricular septum. 


Discussion 


Echocardiographic and angiographic correla- 
tions: Our data indicate that the interatrial baffle can 
be consistently located behind the pulmonary arterial 
root with ultrasound and, furthermore, that a dimension 
of the new systemic venous atrium and the posterior 

= segment of the pulmonary venous atrium can be mea- 

. sured with reliable accuracy using mitral-pulmonary 

valve continuity as a reference point. In one recent 

-study;? although the baffle could be seen behind the 

| tricuspid valve and aortic root in the echocardiogram 

— of some patients, it was most consistently recorded 

| behind the pulmonary arterial root. The systemic ve- 

nous atrial echocardiographic dimension, as measured 

— behind the pulmonary arterial root, probably represents 

a measurement of the superior limb of the newly fash- 

ioned systemic venous atrial chamber (Fig. 2). We found 

an apparent correlation between the echocardiographic 

and angiographic dimensions of these structures; how- 

- ever, the angiographic dimensions of the systemic ve- 

nous atrium were greater than the echocardiographic 

dimension in most patients. Since the two measure- 

ments undoubtedly represent somewhat different beam 

projections, and hence dimensions, it is not surprising 
that some differences are present. 

It is not likely that these dimensions adequately re- 
flect the full size of the new systemic and pulmonary 
chambers, but they do appear to be reproducible and 
have appropriate identifying landmarks in the echo- 

e cardiogram. The created systemic venous atrium does 
-not have a simple geometric shape but is a complex 
. two-limbed expanding structure coursing leftward and 
posteriorly t toward the mitral valve. From angiographic 
. comparisons, it appears that the echocardiographic 
. dimensions of the systemic venous atrium represent a 
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of that chamber. The dimensions of this Gorda. ap- d 
peared to be smaller than those of the rest of this — 
chamber (Fig. 2), particularly near the mitral valve, as a 
demonstrated with angiography. Similarly, the echo- d 
cardiographic dimensions obtained from the posterior | 
segment of the pulmonary venous atrium do not rep- 
resent the maximal diameter of this chamber but. rather s 
a minor axis of what appears to be a relatively. oval 
structure (Fig. 2). It is likely that other echocardiogra- - 
phic views and dimensions of these structures can: ur. 
obtained with other probe positions. 


indicate that the pulmonary arterial root grows m 0970 
eue 

portion to body surface area; however, the systemic _ 3 
venous atrial dimension shows no such cortelation; 1 3 
suggesting that this chamber may not grow in propor- 
tion to body size. Repeated longitudinal mee 3 
of these dimensions obtained from the pulmonary ar- 
terial root, the systemic venous atrium and posterior | 
pulmonary venous atrium may permit noninvasive 
observation of the growth patterns of these ene. | 
tures. y 3 

Significance of abnormal A-V valve movements: | 


The fine to coarse diastolic fibrillatory movements of v 


Bardodynamié factors; their presence confirms recent 5 
reports? of abnormal A-V valve movement after the — $ 
Mustard operation. These coarse movements may result N 
indirectly from the relatively low level of compliance of 


E 


the systemic venous atrium and the decreased nie thé 5 5 


from the superior and inferior venae cavae Yon n mz l 5" 
drains into a large compliant right atrium. Howev owever, the 
systemic venous atrium created by the Mostar op 
ation is smaller and less ‘compliant, as pone 
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movements noted in some of our tracings 
be related to the inspiratory increase in 
nous return, which produces greater velocity 
| flow at the mitral valve site. | nificant left ventricular outflow tract stenosis. 
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s. The cyclic or intermittent na- stenosis. er, 


this motion was observed even in patients with 
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ID J. SAHN, MD*? Diagnostic separation of infants with signs of cardiac faih 
/ONNE VAUCHER, MD*' cemia, sepsis, myocarditis, hypoxemia) but no congenita 
hinge latory malformation from those with a large left to right 
GH D. ALLEN, MD' Mer in newborn management. Echocardiographic studies of 2 
vien = beca an pd children allowed group separation and distinction froi 

ae i gi oe ee assessment of mean velocity of circumferential fiber st 
the ratio of left atrial to aortic root diameter at end-s: 
normal premature and full-term infants, Vcf (1.51 + 0.0 
dard error]) was significantly lower than in infants with a la 
+ 0.08, P « 0.01) and higher than in infants with non 
disease (1.18 + 0.06, P « 0.001). LA/Ao ratios were com 
groups with a large shunt and nonstructural heart disease 
1.26 + 0.2, respectively) and were significantly higher in 
in normal subjects (0.77 + 0.01, P « 0.001). Similar echocard 
distinctions could be made when 10 older children (aged 2 to 
with cardiomyopathy were compared with 45 normal old : 
determination of these variables was of major assistance 
management. 2 


Since the development of high frequency ultrasonic transdi 
continuous recording techniques, echocardiography | 
creasing prominence as an aid in the evaluation and m 
infants and children with heart disease. In the pediatri 
trasonic techniques have been applied most frequenti 
tural cardiac malformations.'-? In contrast, there is little 
concerning the noninvasive evaluation of cardiocirculator 
normal infants and children or those with disease affe 
function in spite of normal cardiac anatomy. Previous s 
laboratory have provided a range of normal values for care 
vessel dimensions and mean rate of left ventricular circum 
shortening in infants.*> This investigation extends the r 
values to include older children for whom no previous d 
addition, this study evaluates the usefulness in differe 
and patient management of the echocardiographically 
value for left ventricular circumferential fiber shortening a 


rom the Departments of Pediatrics (Cardiology), 
Jniversity of California at San Diego, La Jolla, 
.* and the University of Arizona, Tucson, 4 
Manuscript received June 30, 1975; revised Methods 
pt received October 20, 1975, accepted 
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those with nonstructural heart disease. 
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FIGURE 1. An M-mode scan of the 
ventricle from the body to the 

3 S allow tract and the aortic root in 
a patient with a ventricular septal 
5 efect. The left atrial (LA) dimension 
m E slightly enlarged. The left ven- 
E ricular diastolic (LVD) and left 
I ES edina systolic (LVS) dimen- 
" Game are shown (vertical lines) as 
we ell as. the measurement of the 


gs the top of the tracing. AM = 
- anterior mitral valve leaflet; AV = 
. aortic valve; PLVW - posterior left 
- ventricular wall; PM = posterior 
1 mitral valve leaflet; RVOT = right 
Ventricular outflow tract. 


n Left atrial dimension was determined at end-systole as 
- the distance between the outer edge of the posterior aortic root 
E echo and the left atrial wall endocardial echo. T'his dimension 
- was measured behind an area of the aortic root in which cusp 
. tissue was imaged and in an area where the left atrial endo- 
2 , cardial echo was single and discrete. 
UM Aortic root dimension was measured as the distance 
be ween the outer walls of the aortic root at end-systole. This 
sasurement was obtained during the same or adjacent car- 
ac cycle as that in which left atrial dimension was calculated. 
_ Because a wide range existed in absolute left atrial and 
iC aortic root diameters in infants of similar size,4 these dimen- 
Ls die s are expressed in this report as the ratio between the left 
: trie al and aortic dimension (LA/Ao). Errors introduced by 
‘small differences in measurement of the absolute dimensions 
0 of the left atrium or aortic root may be minimized when the 
data are expressed as a left atrial/aortic ratio since changes 
S caused by obliquity of the ultrasonic beam yield proportionate 
_ enlargement of both structures. 
_3. Mean Vcf* was determined, as previously described, 
bi fr ‘om end-diastolic and end-systolic left ventricular diameters 
- us ie mitral valve motion for timing purposes. The paper 
speec in all these examinations was either 50 or 100 mm/sec, 
aj n time was measured from the mitral valve complex 
o the nearest 10 msec. The validity of this technique is re- 
vi viewed in detail in the Discussion section. 


m The following groups of infants and children were studied: 
dn fants 


JEN vL Seventy normal full-term infants (average weight 2,850 
A and 25 healthy premature infants aged 24 to 96 hours (av- 
_ erage weight 1,740 + 82 [standard error] g). Data from full- 
| term inva? and Neuithy premature infants were combined 





Ex P b oe eft ventricular end-diastolic dimension (mm) 
E Vet = | 7 end-systolic dimension (mm) — 
po . end-diastolic Sae on ies)? x quoe time We 








since no statistically significant differences existed between 
them. 

2. Fifteen premature infants (aged 72 to 150 hours, average 
weight 1,464 + 84 g) who had a moderate to severe respiratory 
distress syndrome? and no physical signs of a patent ductus 
arteriosus. Although we appreciate that left to right ductal 
flow may occur without an audible murmur in these prema- 
ture infants, precordial activity and peripheral pulses were 
normal. All of these infants had endotracheal intubation and 
positive pressure ventilation and had maintained an arterial 
oxygen tension in excess of 45 mm Hg for at least 12 hours 
before echocardiographic study. 

3. Twenty premature infants (aged 2 days to 3 weeks, av- 
erage weight 1,416 + 88 g) with a systolic heart murmur and 
clinical evidence of a large patent ductus arteriosus. Each 
infant in this group was fully digitalized and was receiving 
maintenance doses of digoxin (average 15 ug/kg daily). Thir- 
teen infants underwent operative ligation and eight had 
postoperative echocardiographic investigations while still 
receiving digitalis. None underwent hemodynamic study. At 
operation each had a ductus arteriosus with an external di- 
ameter approximately equal to that of the descending aorta. 

4. Eight infants (aged 2 to 6 months, weight 2.5 to 6.5 kg) 
who had a ventricular septal defect and a large left to right 
shunt. (Qp/Qs > 2:1) demonstrated at cardiac catheterization. 
All of these infants were receiving maintenance doses of di- 
goxin (15 ug/kg daily). 

5. Seven infants (aged 4 days to 6 months, weight 1,460 to 
4,810 g) judged clinically to have either a hemodynamically 
insignificant patent ductus arteriosus or a small ventricular 
septal defect. Each of these patients was in a clinically stable 
condition and had received no cardiac medications. 

6. Ten infants (aged 4 hours to 3 weeks, average weight - 
2,320 g) who had acute viral myocarditis (no. = 4), severe 
hypoglycemia (blood glucose less than 25 mg/100 ml) (no. — 


5) or sepsis (no. = 1) with cardiomegaly and clinical signs of — 
cardiac decompensation that prompted the administration — 
| of x ene 
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INFANTS VSD PDA SMALL L-R nee 
B. (7) (7) FIGURE 3. Echocardiographically determined left atrial/ac 


mension ratios (LA/Ao) for the normal infants and nfant: 
right (L-R) shunt. The highest and lowest LA/Ao ratios 
the normal infants were 1.1 and 0.5, respectively, each 
Symbols and abbreviations as in Figure 2. 


e ; highest and lowest mean Vet values Sncouniered. in the normal 
nfant group were 2.0 and 1.3 circumferences/sec, respectively. PDA 
= patent ductus arteriosus, unoperated on; VSD = ventricular septal 


rs respiratory distress Gone (mesi 
0.14, LA/Ao = 0.76 + 0.04). Thus, combinir 
data yielded an average value of mean Vcf o 
and didis ratio of 0. 17 +0. 91 A 2 Eel 


ME distress ber oooh was 140 + 14 Té 


a clinical oe of id d A ere Ad 4 the dilated Left to right shunts: In infants an £ 
type (no. = 5) or enteroviral myocarditis (no. = 2). The five right shunt through a ventricular septal defe 


ildren with idiopathic cardiomyopathy had electrocardio- ductus arteriosus, mean Vet was significan: 


aphic and radiologic evidence of cardiomegaly or cardio- 
opathy, and two had decreased left ventricular contractility 
$ onraad rini i oir dd in the absence of 


increase i in vend. diastolic dimension anda an a 


ihe group with a left to dies bant. an 


: ventricular septal defect, large left to right shunt [no. group, it is unlikely that differences in he 


small ventricular septal defect [no. = 3); cardiomyopathy account for the differences in 
l) studied before and after oral or intravenous ad- shortened ejection time may be of some 
is ration. of digitalis (total dose 35 to 45 ug/kg over 24 Unfortunately, reliable weight- related data O 


Fo determine the magnitude of change in Vcf produced 
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echocar liograms were available (Fig. 4). 
f surgically treated patients consists of a | 
r group of infants from both the University with nonna du DEC aainboniy but with i ioi caj ja 
ia and the University of Arizona, and they ble of altering cardiocirculatory function (sepsis, r 
pee ry ds ratio than that of the carditis, h ypoglycemia) are shown in Figure 5. 
these infants were receiving maintenance doses of di 
italis at the time of echocardiographic study. Vher 
compared with values in normal infants, mean Vef ( 1 Ai 
+ 0.06) was significantly reduced; although ther 


FIGURE 4. Serial mean circumferential fiber shortening 
rate (VCF) and left atrial/aortic root (LA/Ao) dimension 
data from infants before (PRE-OP). and within 12 hours 


(PDA). Individual patient values (closed circles) are 
shown on the right of each column. Pre- and postopera- 
tive measurements are connected by a line for the infants 
studied serially. The number of patients in each group is 
shown in parentheses. Each point and the vertical bars 
represent the mean + standard error. 
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underwent echocardi- “Sines 

reafter. Mean Vef in- 

! group average increased . 

to 1.69 + 0.08, P «0.001). The 

eases were observed in the patients with 

pathy, which had the lowest values before 
n of digitalis. 


Discussion 


e o with single crystal echocardiography has 
ifficulties in spatial orientation and angular 
udying left ventricular dimensions in the 
may lead to prohibitively large errors in 
me calculations. Preliminary reports have 
at left ventricular end-diastolic and left 
ions determined by ultrasound may assist 
'ement of infants with a large left to right 
ever, absolute left ventricular dimension 
unreliable because of the wide variability 
ues in normal infants and children of the 
t.4 Since mean velocity of circumferential 
ning (Vcf) is normalized for end-diastolic 
s less sensitive to minor dimensional dis- 
alues for mean Vcf obtained from slightly 
as of the mid-portion of the same ventricle 
ally identical despite variation in the ab- 
s for end-diastolic and end-systolic di- 
tained. Accordingly, to define more clearly 
blems by characterizing patterns of cardio- 
ysfunction, we have employed an index of 
rmance based on left ventricular fractional 
from its end-diastolic dimension, that is, 
and the ratio of left atrial to aortic dimensions 


ft atrial to aortic dimension (LA/Ao): 
lume is increased in the presence of intact 
-and left to right shunts distal to the sys- 
ntricular valves.9? Although patients with 
us arteriosus might be expected to have a 
€ diameter than those with a ventricular 
ct, we found no important differences in 
0 between these groups. Silverman et al.!° 
lescribed elevated values of LA/Ao ratio 
nfants with patent ductus arteriosus and 
eduction in the ratio after surgical liga- 
eir study, we found little abnormality or 
n in aortic diameter in any individual in- 
egree of left to right shunting altered sig- 
such, the LA/Ao ratio reflects alterations 
ize for a given infant. It is likely that such 
for normalized examination of left atrial 
d with the aorta would not be useful in 
ave an abnormal aortic root, such as those 
of Fallot. Furthermore, our recent ex- 
jiaxial left atrial dimensions using stan- 
raphy from the n chest wall and 
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it is s not surpri Sir 


function. Distinction between patient. groups 1 
shunt-induced elevations in LA/Ao ratio and i impairet 
left ventricular myocardial function was achieved b: 
analysis of mean Vef data. 2 
Mean velocity of circumferential fiber shorten: 
ing (Vef): Calculation of mean Vef has proved to be a 
simplified measure for assessing left ventricular con 
tractility in adults,!!-3? and preliminary angiographi. 
data suggest that this index may also be of value in de | 
tecting children with impaired cardiac function.'4 In 
this study, this index appeared sufficiently sensitive i 
infants and children to separate patients with non 
structural heart disease from normal subjects even when 
these patients were receiving digitalis. Mean Vcf is in 
creased in patients with a large left to right shunt even 
in the presence of cardiac decompensation because of. 
both greater left ventricular filling and altered afterload 
Left ventricular systolic wall tension may be reduce 
in patients with a ventricular septal defect since left 
ventricular emptying occurs at the onset of isovolume-- 
tric contraction. Further, in patients with a ventricular 
septal defect or patent ductus arteriosus, during systole 
there is runoff into a pulmonary vascular bed with 1 rel. 
atively low resistance. | 
In this study, administration of digoxin to res 
with a large shunt and to infants and children with 
nonstructural heart disease was associated with an in- 
crease in mean Vef in each subject. Whereas this ele: 
vation was consistent, the magnitude of the digitali 
induced change did not appear large enough to account 
for the differences in Vef between normal subjects and- 
digitalis-treated infants with a large left to right shunt. 
Similarly, it would not appear likely that differences in. 
mean Vcf among any of the groups could be accounted 
for by differences in heart rate. : 
Accuracy of echocardiographic data in infants 
and children: Some difficulties exist in applying t. 
Vcf calculation in these infants and children. W. 
ejection time is calculated from mitral valve echoes, n 
correction exists for that portion of the isovoluiiie 
contraction time included between mitral valve closu 
as determined by echocardiogram and the opening o 
the aortic valve. As in our previous report? of Vcf data 
in normal infants, no correction for isovolumic con- 
traction time was applied since no reliable data exist for 
this determination in infants with various heart rate 
External pulse carotid ejection times cannot be me; 
sured in small premature infants. Axillary arterial d. 
have been reported for full-term neonates.!^ Nev 
theless, ous none may be raised as to how aceur 





o | al subjects 


was negligible in the 
was 10 + 1.3 percent in the 


ith cardiomyopathy. In the infants with non- 
uctural heart disease and the children with cardio- 
pathy, an overestimation of ejection time by this 
hod would be expected to lower proportionately the 
f values reported. However, and of key importance, 
en the results from the normal infants versus infants 
ith cardiomyopathy, and from the normal children 
rsus children with cardiomyopathy, were adjusted for 
iximal predicted error and compared the data were 
ill statistically separable (P <0.001). Of interest, in a 
mall subsequently studied group of children with 
ardiomyopathy and normal children individually 
jatched for age and heart rate, accurate correction for 
reejection period was available. The ejection times 
vere calculated from aortic valve tracings matched for 
-R interval with portions of the record from which left 
entricular end-diastolic and end-systolic dimension 
re measured. No significant differences in ejection 
ime existed between the normal subjects and those 
vith cardiomyopathy. Depressed left ventricular 
function was equally detectable with the value for mean 
Vef and with the normalized fractional shortening ratio 
of left ventricular diameters.* Such an approach has not 
yet been completed in other study groups. 


left ventricular end-diastolic dimension (mm) 
— end-systolic dimension (mm) 
end-diastolic dimension (mm) 


AD = 


— ographically derived measu 
LA/Ao ratio, allowed a distincti 


patient group, a group with nonstructul 
and groups with a left to right shunt 
tricular septal defect or patent ductus 
group with a large shunt, both ultraso 
abnormally high. In the group with « 
myocarditis or metabolic heart. disease 
mean Vef accompanies a substantia 
LA/Ao ratio. In infants, the respirator 
signs and symptoms arising from str 
disease are often difficult to distingui 
sociated with primary pulmonary or 
ders.!9 The systematic utilization of s 
noninvasive ultrasonic measurement 
clinical evaluation. T 

Serial determination of mean velar | 
ential fiber shortening and ratio of lef 
root diameter in the same patient has p 

worth. In particular, we have often em 

measurements to gauge serially the ch; 
namics in the small premature infan 
respiratory distress syndrome and a d 
in whom changing patency and pulmon 
dynamics frequently alter the magnitu 

Echocardiographic studies are withe 
and their incorporation into the routine 
allows a more systematic approach to th 
testing of effects of therapeutic interve 
cally ill newborns. 
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Eight patients with single ventricle were studied echocardiographically 

In six, the ventricular septum was not detectable; in two, a septal-like | 
bulboventricular ridge was identified. Two atrioventricular (A-V) valves . 
were found in all patients; in six, both valves were identified simultaneoush 
with the transducer held stationary along the left sternal edge. Dextro- 
transposition of the great arteries was noted in three patients. The 
echocardiogram of one of four patients with levotransposition of the great 
arteries was consistent with later proved left A-V valve stenosis associated 
with Ebstein's malformation. Mitral-semilunar valve continuity was present 
in five cases. Echocardiographically, the absence of the ventricular 
septum in a patient with two A-V valves makes a diagnosis of single 
ventricle likely. The presence of ventricular septal-like echoes does not 


ventricle by an eccentric bulboventricular ridge. 


Echocardiography is a useful tool in evaluating cardiac anatomy in the 
patient with congenital heart disease.!? Since echocardiographic data 
in cases of single ventricle are limited,*^ we have used cardiac ultrasound 
_ to evaluate eight patients with this defect. Specifically sought were: (1): 
the absence or presence of the ventricular septum; (2) the identification: 
and motion pattern of both atrioventricular (A-V) valves; and (3) the 
relation of the bulboventricular ridge, if identified, to the two A-V va ves. 


Material and Methods 


The diagnosis of single ventricle with two atrioventricular valves was made 
in eight patients, aged 1 month to 22 years (Table I). The diagnosis was estab- 
lished at cardiac catheterization and angiocardiography and confirmed at open 
heart surgery in two patients. Four of the patients with single ventricle had le- 
votransposition of the great arteries, three had dextrotransposition of the great 
arteries, and one had normally related great arteries. All patients had normal 
cardiac and visceral situs; no splenic anomalies were present. NO 

Echocardiographic examination was performed with a Unirad C-100 eck 
graph combined with an Electronics for Medicine strip chart recorder. A 2; 
megahertz nonfocused transducer with an outer diameter of 0.5 inch (1.27 cm 
was used in the younger patients and a 3.5 megahertz transducer with an outer 
diameter of 0.6 inch (1.52 em) focused at 7.5 cm in the older patients. All patien 
were examined in both the supine and left lateral positions with the transduc 
placed in the third or fourth intercostal space along the left sternal border 
the transducer in this position, the ultrasonic beam was directed so as to 1 
the mitral and tricuspid valves, the great arteries and the ventri 
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Echocardiographic Findings 
Bulboventricular 
Mitral-Semilunar Ridge 
Valve Continuity (Outlet Chamber) 2 A-V Valves 
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Yes Transducer 
stationary 
Yes Transducer 
stationary 
Yes Transducer 
stationary 
No Transducer 
moved 
Yes Transducer 
stationary 
Uncertain Transducer 
stationary 
No Transducer 
stationary 
Yes Yes Transducer 
moved 
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AN = atrioventricular; D = dextro; L = levo; PS = pulmonary stenosis: TGA = transposition of the great arteries. 
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FIGURE 3. Case 4. The echocardiogram of a 20 year old woman with single ventricle (type A) and dextrotransposition of the great arteries, showing 


g a ventricular septal echo. The small infundibular cavity or right ventricular remnant (RVR) is anterior 


to the bulboventricular ridge. The posterior A-V valve is beneath or posterior to the ridge; the anterior A-V valve straddles the rim of the bulboventricular 


Figures 1 and 2. 


ridge was identified (Fig. 3). In six patients, both 


atrioventricular valves were identified simultaneously 


- with the transducer held stationary along the left sternal 


border. In these cases the right A-V valve was directly 


~ anterior to the left A-V valve (Fig. 2 and 4). In the other 


jw 
^1 


two patients (Cases 4 and 8), the two A-V valves were 
located separately by variation of transducer position 
(Fig. 3). Continuity between the left A-V valve and a 
semilunar valve was demonstrated in five cases (Fig. 5) 


. and discontinuity or uncertain continuity in three. 


In two of the eight patients, the bulboventricular 
ridge was identified (Fig. 3), separating a small anterior 
outlet chamber (right ventricular infundibulum) from 


. the large left ventricular chamber. The eccentrically 
placed bulboventricular ridge was located by angling the 


transducer sagittally across the chest; the conventional 


"transducer position eliminated this echo. 


Discussion 
Single ventricle in this study is defined as a large 


- functional ventricle or sinus that receives both the mi- 
tral and tricuspid valves; a rudimentary outflow 


_ chamber is usually present. In no case was the sinus 


- portion of the right ventricle present. This definition 


excludes anomalies with a dominant ventricle and ab- 


_ sence of an atrioventricular valve (for example, mitral 


- or tricuspid atresia). None of our patients had a com- 
. mon A-V valve. Although a common A-V valve occurred 
. in one third of the cases of single ventricle studied at 
_ autopsy by Van Praagh et al.® and in six of seven cases 
studied by echocardiography by Chesler et al.,4 
. Marin-Garcia et al.’ did not include cases with common 

_A-V valve in their angiographically and autopsy-proved 
cases of single ventricle. 


The presence of both A-V valves recorded simulta- 


. neously without an intervening ventricular septum was 
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= anterior; AVW = anterior ventricular wall; CW = chest wall; Post. = posterior; other abbreviations as in 


the commonest echocardiographic finding in our pa- 
tients with single ventricle (Fig. 2 and 4). However, the 
presence of a bulboventricular ridge may also be noted 
and does not exclude the diagnosis of single ventricle 
(Fig. 5). The right ventricular infundibulum may remain 
as a small discrete chamber bounded by a shelf-like 
bulboventricular ridge. Thus, at angiography, an ana- 
tomically discrete small infundibular chamber is a fre- 
quent hallmark of single ventricle, occurring in 79 per- 
cent of an autopsy series studied by Van Praagh et 
al.? 

Mitral-semilunar valve continuity: The echocar- 
diographic finding of superimposition of the great ar- 
teries may be present, since 85 percent of patients with 
single ventricle have dextro- or levotransposition in 
equal numbers.® Continuity between the mitral valve 
and the pulmonary valve is not uniformly present. In 
57 patients with single ventricle and two A-V valves and 
either dextro- or levotransposition of the great arteries, 
mitral-semilunar continuity was demonstrated angio- 
graphically and pathologically in 49 patients, but con- 
tinuity was not present in 8 patients with a double conus 
whose aorta and pulmonary artery lay in the same 
frontal plane.? In patients with single ventricle and 
normally positioned great arteries, mitral-aortic valve 
continuity was consistently found. In our eight patients, 
seven of whom had dextro- or levotransposition of the 
great arteries, five had mitral-semilunar valve conti- 
nuity. On the other hand, consistent mitral-pulmonary 
arterial discontinuity by echocardiography in patients 
with single ventricle has been described.® 

Differentiation from levotransposition with 
septum present: Clinically, single ventricle with or 
without pulmonary stenosis may mimic cyanotic con- 
ditions presenting with decreased pulmonary blood flow 
(tetralogy of Fallot and tricuspid atresia) or with in- 
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great arteries, truncus arteriosus and double outlet right 
ventricle with pulmonary stenosis). These cardiac de- 
fects may be separated by echocardiography. Thus, the 
echocardiographic absence of the ventricular septum 
in a patient with two A-V valves and transposition of the 
great arteries, or finding the ventricular septum anterior 
to two A-V valves in association with transposition of 
the great arteries virtually confirms the diagnosis of 
single ventricle. Difficulty may arise, however, in dis- 
tinguishing single ventricle with two A-V valves from: 
(1) levotransposition of the great arteries with a well 
developed ventricular septum; and (2) complete A-V 
canal. In levotransposition, the septum lies perpen- 
dicular to the frontal plane and is thus difficult to 
demonstrate echocardiographically utilizing a con- 
ventional parasternal transducer position. We have 
demonstrated the ventricular septum in four consecu- 
tive cases of levotransposition by placing the transducer 
at the cardiac apex. The transducer positioned at the 
third left intercostal space pointing posteromedially 
located the ventricular septum in another case. 
Differentiation from complete A-V canal: In pa- 
tients with complete A-V canal, the interventricular 
septum may not appear in the echocardiographic posi- 
tion that demonstrates the A-V valves. A recent echo- 
cardiographic study demonstrated a large single A-V 
valve consistently.!? In half of the patients, the valve's 
common anterior leaflets and its mitral and tricuspid 
halves occupied a central systolic position between the 
two ventricles, moving apart in diastole; the ventricular 
septum was not identified between the leaflets. In the 
other half of the patients, the common anterior A-V 
valve leaflet moved from the left ventricle in systole into 
the right ventricle in diastole in a large excursion. In 
addition, mitral-aortic continuity was consistently 
demonstrated. The great arteries were in normal posi- 
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FIGURE 5. Case 1. Echocardiogram recorded at the level of the gre 


. = left atrial wall; PA = pulmonary artery. 
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extends between the great arteries into the left ventricle. AMVL = anterior mitral valve leaflet; Ao = aorta; | = conal tissue; LAW 
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tion in complete A-V canal since transposition of the — 
great arteries is uncommonly associated with this mal- — 
formation. Single ventricle with a common A-V valve - 
would be difficult to differentiate from complete A-V — 
canal. However, the presence of transposition of the — 


great arteries in a patient without echocardiographic $ 


4 
j 
e 
2 
A 
A 
7 
A 


hs 
me 
t ¢ 





"oH 
4 A» 
Zu. E 


à set on tat Peon, S EFN eee Ai 
FIGURE 4. Case 3. Echocardiogram of a 12 year old boy with single — 
ventricle, levotransposition of the great arteries and Ebstein's anomaly — 
of the left A-V valve. The latter is distinctly stenotic showing a decreased — 
diastolic slope, no A point and anterior movement of the posterior - 
leaflet. There is delayed closure of this valve compared with the right i 
A-V valve, suggesting Ebstein's anomaly. Both A-V valves open into 
a large left ventricle; no intervening ventricular septum is noted. Cardiac - 
catheterization confirmed the diagnosis of single ventricle with levo- - 
transposition of the great arteries and slightly incompetent left A-V valve - 
with an Ebstein-like malformation. At surgery, the additional diagnosis 
of stenosis of the left A-V valve was verified; the left atrial pressure — 
measured 25 cm water. ALVW = anterior left ventricular wall; AV = - 
atrioventricular; L. = left; PLVW = posterior left ventricular wall; R. = - 
right. XT 
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ot jn found, a small anterior D ventric- 


left A-V valve stenosis and single rer 
curred in 12 percent of one series of cases. 5 In C 
ventricle, echocardiography. was dg in sp peer lett 
A-V valve stenosis associated with mild mitral incom. 
petence and Ebstein’s malformation (Fig. 4). 3 
Clinical application: Since single ventricle may be. 

difficult to assess completely even after selective angi- 
ography, cardiac ultrasound may be of considerable help. 
in defining the presence or absence of the ventricular 

septum, the position of the bulboventricular ridge rel- 
ative to the A-V valves and the ventricular cavity, and 
whether two A-V valves are present and whether A-V 
valve stenosis or prolapse is demonstrated. These data 
are particularly important to the cardiovascular surgeon 
who is considering the repair of single ventricle.!?-14 
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diagnosis by cardiac catheterization and selective angio 
The management currently employed for the various ty 
outlet right ventricle is a clear example of such progress. 

In 1949, Taussig and Bing! first described a patient whose 
aorta originated from the right ventricle whereas the pulmo 
arose from the right ventricle and partially overrode th 
septum. This condition is now considered the Taussig-B 
double outlet right ventricle. 

In 1957, Witham? first enm the term double outlet 
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tion of great arteries, excluding the 
sence of pulmonary stenosis. 
arey and Edwards? first reported the an- 
iphic features of double outlet right ven- 
mphasized the following diagnostic crite- 
ion of both great arteries from the right 
sualization of the aortic and pulmonary 
same horizontal plane, frequent malposi- 
rta in the lateral view and, in the frontal 
gue-like" filling defect at the base of the 
le that represents the parietal limb of the 
ventricularis and forms a division for two 
ts. In 1970, Hallermann et al.!? studied the 
aphic and anatomic findings in 42 cases 
let right ventricle. They recognized the 
sed by Carey and Edwards? and consid- 
he lateral view, the mitral valve was not 
ith either semilunar valve. 
namic classification of Neufeld et al.,3-5 
ight ventricle was categorized into two 
epending on the presence or absence of 
iosis. In the presence of pulmonary ste- 
odynamic features closely resembled 
logy of Fallot. In patients without pul- 
osis, the hemodynamic findings resembled 
nts who have a large ventricular septal 
ominant left to right shunt or who have 
hunt and pulmonary vascular obstructive 
ld et al. suggested that the position of the 
eptal defect was a significant factor de- 
tracardiac streaming. In 1967, Hazell et 
ng 25 cases of double outlet right ventricle, 
1e hemodynamic findings were similar to 
ibed by Neufeld et al. 


Aim of the Study 


the Mayo Clinic experience with a large 

ts with confirmed double outlet right 
'omplete hemodynamic and angiocardi- 
order to delineate the relative impor- 
dynamic status of certain anatomic fea- 
features included relation of the great ar- 
' or absence of pulmonary stenosis, 
ventricular septal defect and presence 
gnificant pulmonary vascular obstructive 


Definition of Terms 
1e great arteries: There are four types 
the great arteries at the level of the 
1) Normal relation. The pulmonary 
r and to the left of the aorta. (2) 


; cdi ac - these 82 cases, in 


of double outlet right - 
ation of ventricular septal. 


-~ location of the v 


.. pulmonary artery. (4) Levom 
the left of and anterior to the pulmon: 


Position of the ventricular septal defect: ' 
are four types of ventricular septal defect in do 
outlet right ventricle: (1) The subaortic type, chara. 
terized by a ventricular septal defect that is related mor 
closely to the aortic valve than to the pulmonary valve. 
(2) The subpulmonary type, in which the ventricular . 
septal defect is closely related to the pulmonary valve. » 
The defect is located above the septal limb of the crista n 
supraventricularis. The subpulmonary type, together - 
with double outlet right ventricle, is considered syn- _ 
onymous with the Taussig-Bing complex. (3) The sub- ^ 
aortic and subpulmonary type, in which the ventricular © 
septal defect is closely related to both semilunar valves. | 
The defect is separated from these valves by being 
centered below a muscular flange and below the crista 


supraventricularis. (4) The remote type, in which the > 


ventricular septal defect is distant from both semilunar 
valves. 

Double outlet right ventricle: The condition in - 
which both great arteries originate from the right ven- - 
tricle, also known as double outlet right ventricle, has - 
been defined differently by different workers. N eufeld. 
et al.*-° defined it essentially as follows: Both great ar 
terial trunks (the aorta and pulmonary trunk) arise. 
exclusively from the morphologic right ventricle. Nei- _ 
ther semilunar valve is in fibrous continuity with either E 
atrioventricular valve. Usually, a ventricular septal — 
defect is present and represents the only outlet for the . 
left ventricle. Pulmonary or subpulmonary stenosis may 
be present or absent. Lev's group? adopted a less rigid. 
definition. They indicated that both arterial trunks - 
emerge completely or almost completely from the right ` 
ventricle and there may or may not be mitral-aortic or = 
mitral-pulmonary continuity. In our study, when cases. 
fulfilled the Neufeld definition they were grouped as 
classic examples of double outlet right ventricle. When 
both great vessels arose above the right ventricle bu! 
fibrous continuity between the aortic and mitral valves 
was present, the cases were excluded. - : 


Materials and Methods 


septal defect and 2 with intact ventricular septum). The 16 
patients with isolated dextrocardia or levocardia or total situs ` 
inversus (2 patients) were excluded. Seventy-two patients - 
exhibited levocardia and normal orientation of the cardiac 
chambers. Of the 72 patients, 62 had available complete he- 
modynamic data, including pulmonary arterial and system 
arterial oxygen saturation levels and pressures. The age ran 
of these 62 patients was 1 month to 33 years, with a mean of 
equal. MM "Ib re 
The anatomy of the double outlet ri 
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a Cardiac catheterization was performed by standard 


methods previously reported.!?!^ When possible, the pul- 
monary arterial, mixed venous and systemic arterial blood 

- samples were drawn simultaneously by a double venous 
-catheter technique. When only one venous catheter was used, 
the samples were taken in rapid succession from several 
locations. Systemic and pulmonary blood flow values were 
calculated with use of the Fick principle. The total pulmonary 
resistance and systemic resistance were expressed as units 
m?. 

The position of the ventricular septal defect was defined 
in relation to the great arteries. Thus, the defects were (1) 
subpulmonary, (2) subaortic, (3) subaortic and subpulmonary, 
and (4) remote from each semilunar valve. In three cases in 
which the defect was remote, the defect was part of a persis- 
tent common atrioventricular canal. Two patients in our series 
had no ventricular septal defect. 

Histologic examination of the pulmonary vascular bed was 
made in all autopsy cases in which there was no pulmonary 
stenosis and in cases with pulmonary stenosis in which an 
anastomotic procedure had been performed. The pulmonary 
vascular changes were graded according to the classification 
of Heath and Edwards.!* 


FIGURE 1. Top left and right, double outlet right 
ventricle with side by side relation of the great 
arteries. Top left, ventricular septal defect below 
the septal limb of the crista supraventricularis in 
subaortic position. Delivery of left ventricular blood 
to the aorta (A) is favored. Top right, ventricular 
septal defect above the septal limb of the crista. 
Streaming favors delivery of left ventricular blood 
to the pulmonary trunk (PT). (From Neufeld et al.5 
with permission.) Bottom left and right, double 
outlet right ventricle with malposition of great ar- 
teries, illustrating that, for a particular location of 
ventricular septal defect, streaming depends on 
nearness of a particular great artery to the defect. 
Bottom left, defect below the septal limb of the 
crista. The defect is more closely related to the 
pulmonary trunk than to the aorta, thus favoring 
delivery of left ventricular blood to the pulmonary 
trunk, in contrast to the situation shown at top left. 
Bottom right, ventricular septal defect lies above 
the septal limb of the crista. It is closely aligned 
with the malpositioned aorta, thus favoring delivery 
of left ventricular blood to the aorta, in contrast to 
the situation shown at top right, wherein the great 
arteries are in a side by side relation. LA = left 
atrium; RA = right atrium; RV = right ventricle. 
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jt "ME E 
Relation of Great Arteries and Location of Ventricular — . 
Septal Defect in 60 Cases* of Double Outlet Right Ventricle 

: js Wis EX 4. 


Location of Ventricular Septal Defect —— 

Subaortic Nn 

and Mu 

Great Vessel Subpul- Sub- | Subpul- MU. 
Relation monary aortic monary Remote — Total. 
Normal 0 2 0 B aT A 
(Ot) (0) (0) (0) s „or 

Side by side 4 28 2 B. lm 39 
(0) (14) (0) 2) a6). 

Dextro- 6 9 0 0 1 484 
malposition (3) (7) (0) (0) a0). 
Levo- 3 1 0 0. 7 Xo 
malposition (2) (1) (0) (O) ee Apes 
Total 13 40 2 5 at 60 
(5) (22) (0) (aiu rs (29). 





*There were two additional cases with intact ventricular septum; - 
each showed malposition of the great arteries without pulmonary - 
stenosis (one dextro and one levo). TE 

tNumbers in parentheses represent patients with pulmonary sten- - 
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TABLE II MINAS D 
Associated Cardiovascular Anomalies in 62 Cases of Double 
Outlet Right Ventricle 





- Anomalies Case no. | Total 
1 through 29 29 
2,6,11,16,18,23, 24, 28, 37, 48, 16 
^ 49, 53, 54, 56, 57, 62 

"atent ductus arteriosus 24, 32, 40, 44, 45, 52, 54, 55, 56, 60 10 





Pulmonary stenosis 
Atrial septal defect 


"A-V canal (remote ven- 17*, 18, 47, 49, 57t 5 
_ tricular septal defect) 

Anomalous coronary 11, 12, 16, 24, 28 5 
. artery 

Additional muscular 7, 28, 47 3 
. ventricular septal 

defect - 

Subaortic stenosis 9, 15 2 
Parachute mitral valve 26, 48 2 
nest ventricular 48, 62 2 
Obstructive ventricular 26 1 
. septal defect - 

Mitral atresia 62 1 
Coarctation of aorta 52 1 





|. *VSD atrioventricular canal type. 
TStraddling mitral valve. 


Pid 
_ Biplane roll film angiocardiograms were available in 47 of 
the 62 cases and were studied with particular emphasis on the 
interrelation of the great arteries and the position of the 
ventricular septal defect with respect to the great arteries. 
_ Cases were classified according to the presence or absence 
of pulmonary stenosis. The group without pulmonary stenosis 
was subclassified into those with and without pulmonary 
vascular obstructive disease. Pulmonary vascular obstructive 
disease was considered present either when the calculated 
total pulmonary resistance was 9 units m? or greater!6 or when 
the histologic classification of pulmonary vascular disease was 
grade 3 or greater.!* 
_ From the hemodynamic data, three patterns of arterial 
oxygen saturation were observed: (1) pulmonary arterial 
saturation greater than systemic arterial saturation (PA >SA), 
(2) systemic arterial saturation greater than pulmonary ar- 
terial saturation (SA >PA), and (3) pulmonary arterial satu- 
ration equal to systemic arterial saturation (PA = SA). A 
difference of less than 2 percent was considered significant 
when simultaneous systemic and pulmonary arterial samples 
were obtained. | 

Results 
Anatomic Observations 


The relation of the great arteries was as follows: side 
by side (39 cases), dextromalposition (16 cases), levo- 
malposition (5 cases) and normal (2 cases). Of the 62 
patients, 60 had a ventricular septal defect and 2 had 
n intact ventricular septum, each of the latter with 
malposition of the great arteries (one dextro and one 
evo). Among the 60 patients with ventricular septal 
lefect, the defect was large in 59 and obstructive in 1 
case 26). The position of the defect with respect to the 
srigins of the great arteries, in order of decreasing fre- 
juency, was as follows: subaortic (40 cases), subpul- 
nonary (13 cases), remote (5 cases) and subaortic and 
subpulmonary (2 cases) (Table I). 
. Fora given part of the ventricular septum containing 
i defect, the relation of the defect to the great arteries 








ae 
v. 


varied with the position of the great arteries. When the 
great arteries were in a side by side relation, an associ- 
ated subpulmonary ventricular septal defect lay above 

the septal limb of the crista supraventricularis. If the 

same type of defect were associated with malposition 

of the great arteries, it lay in a subaortic position. Sim- 

ilarly, a subaortic defect associated with a side by side 

relation of the great arteries lay in an infracristal posi- 

tion. Such a defect would be subpulmonary if there were 

associated malposition of the great arteries (Fig. 1). 

Location of ventricular septal defect and position 
of great arteries: The most frequent combination of 
location of ventricular septal defect and position of great 
arteries was the side by side relation of the great arteries 
with subaortic ventricular septal defect (28 of 60 pa- 
tients, 47 percent) (Table I; Fig. 1, top left). The next 
most frequent combination was subaortic ventricular 
septal defect with malposition of the great arteries (Fig. 
1, bottom right), found in 10 patients (9 with dextro- 
malposition and 1 with levomalposition). This was fol- 
lowed in frequency by subpulmonary ventricular septal 
defect and malposition of the great arteries (six cases 
of dextromalposition and three of levomalposition) (Fig. 
1, bottom left). In five patients, the ventricular septal 
defect was remote from the great arteries, which were 
in a side by side relation. The classic Taussig-Bing 
anomaly (subpulmonary ventricular septal defect and 
side by side relation of the great vessels) was seen in only 
four patients (Fig. 1, top right). The least common 
combinations were subaortic and subpulmonary ven- 
tricular septal defect with side by side relation of the 
great arteries (two patients) and subaortic ventricular 
septal defect and normally related great arteries (two 
patients). 

Pulmonary stenosis: This was a frequently associ- 
ated anomaly, being observed in 29 of the 62 patients 
(47 percent) (Tables II and III). This condition tended 
to be associated with dextromalposition or levomal- 
position of the great arteries, regardless of the position 
of the ventricular septal defect (13 of 19 patients, 68 
percent). In the most common combination, the side by 
side relation of the great arteries associated with sub- 
aortic ventricular septal defect, pulmonary stenosis was 
noted in 14 of 28 patients (50 percent). 

Pulmonary vascular disease: Classic obstructive 
pulmonary vascular disease was seen in patients without 
pulmonary stenosis. Of the 33 patients without pul- 
monary stenosis, 21 had pulmonary vascular obstructive 
disease as previously defined (Table IV). Two patients 
with mild pulmonary stenosis (Cases 7 and 9) had grade 
3 or 4 hypertensive pulmonary vascular disease histo- 
logically (Table III). Among the patients without pul- - 
monary stenosis were two 2 month old infants (Cases 
59 and 62) (Table IV) with high levels of pulmonary 
vascular resistance even though the histologic classifi- 
cation of the pulmonary vascular disease was grade 1. 
The discrepancy in these two cases between the results 
of functional and histologic studies may be explained 
on the basis of hypoxia during the hemodynamic studies 
(Case 59) and of the associated mitral atresia with intact 
ventricular septum (Case 62). s 
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an e of Oxygen 
“Saturation (96) 


52—94 
57—92 


A. pulmonary arterial; SA = systemic arterial. 


ssociated Conditions 
: The 62 patients in this study had associated anoma- 
es in addition to the basic conditions (Table ID. Pul- 
onary stenosis was observed in just less than half of 
ie cases (29 of the 62 patients). The pulmonary stenosis 
as usually produced by a combination of valvular and 
ubpulmonary infundibular stenosis. 
Atrial septal defect at the fossa ovalis, the defects 
ing of varying sizes, was observed in 16 of the 62 pa- 
nts. In two patients, an atrial septal defect was as- 
ciated with an intact ventricular septum; one patient 
Case 48) had parachute mitral valve and the other 
Case 62) had mitral atresia. In these patients, the atrial 
eptal defect was the only outlet of the left side of the 
weart. 7 
Three patients (Cases 18, 47 and 49) had an atrial 
eptal defect in the lowermost part of the atrial septum 
is part of persistent common atrioventricular canal, 
with the common anterior leaflet undivided and unat- 
tached to the ventricular septum (Rastelli type C)." In 
each of these patients, the ventricular septal defect was 
'emote from each semilunar valve. Of the other two 
patients with remote ventricular septal defect, one (Case 
17) had a ventricular septal defect of the atrioventric- 
ular canal type, whereas the other (Case 57) had a 
raddling mitral valve. Three patients (Cases 7, 28 and 
7) had a small muscular ventricular septal defect in 
addition to the classic defect of double outlet right 
ventricle. 
Patent ductus arteriosus was seen in 10 patients, only 
of whom (aged 2 years) had associated pulmonary 
enosis. The two youngest patients were 1 month and 
months of age, respectively; the ages of the other eight 
patients ranged from 1 to 13 years. 
- Mitral valve abnormalities were observed in four 
patients: straddling mitral valve in one (Case 57), 
parachute mitral valve in two (Cases 26 and 48) and 
tral valve atresia in one (Case 62). The last patient 
as one of the two patients with an intact ventricular 
septum. — 
Subaortic stenosis was noted hemodynamically in 
ents (Cases 9 and 15). This process appeared to 


ophy of the parietal limb ofon 


© Cases Oxygen With 
(no.] Saturation PS 
PA>SA 
PA>SA. 
SA>PA 
PA=SA 
PA>SA 


Subpulmonary 
Subaortic 


Subaortic and 
subpulmonary 

Remote (atrio- PA>SA 
ventricular SA>PA 
canal) | PA=SA 

No VSD (intact PA=SA 
septum) 


Ps pm 


PA = pulmonary arterial; PS = pulmonary st 
monary vascular obstructive disease; SA = syst 
ventricular septal defect. E 


Origin of the anterior descending c 
from the right coronary artery was seer 
(Cases 11, 12, 16, 24 and 28), all of whoi 
stenosis. From its anomalous origin, t 
the outflow part of the right ventricle 
terior interventricular sulcus. Three of tf 
the great arteries in a side by side relatio 
malposition. b 


Hemodynamic Observations 


The hemodynamic data and per 
findings in the 62 cases are summariz 
and IV, the patients being classified in 
pulmonary stenosis, (2) without stenos 
monary vascular obstructive disease, 
either pulmonary stenosis or pulmone 
structive disease. B 

The patients were classified into 
cording to arterial saturation patter 
pulmonary arterial saturation greate 
arterial saturation by as much as 2 
mean difference of 8.2 percent (25 p: 
temic arterial saturation greater than 
rial saturation by as much as 20 perce 
difference of 8.8 percent (27 patients 
nary arterial saturation equal to system 
uration (less than 2 percent difference) 

These hemodynamic patterns we 
such factors as (1) the relation of the 
presence or absence of pulmonary ste 
or absence of pulmonary vascular ob 
or (4) functioning systemic-pulmona 
However, there was a tendency f 
relative saturatio 





terial shunt (Table VI). When ox; en saturation levels; three of these had pulmone 
efect _ Stenosis, and one had pulmonary vascular obstruct 
disease. | E 
Two patients who had subaortic and subpulmonar 
y arterial ventricular septal defect had pulmonary arterial satu- 
10 patients with subaortic ven- ration greater than systemic arterial saturation. | ^. 
tal defect and malposition of the great ves- The five patients with the ventricular septal defect 
stemic arterial saturation was greater than remote from both semilunar valves had dissimilar ar- 
ary saturation. Six of the seven (Cases 19 to terial saturation levels. One patient had. pulmonar 
onary stenosis, and the seventh (Case 58) arterial oxygen saturation greater than systemic, thr 
monary stenosis nor pulmonary vascular had greater systemic saturation and one had equ: 
e. The remaining three patients with saturation. AA pum 
ilar septal defect and malposition of In the two patients with intact ventricular septum t 
s (Cases 28, 29 and 61) had equal pul- levels of oxygen saturation were equal in the pulmona 
mic arterial oxygen saturation levels, and systemic arteries. | 
three (Cases 28 and 29) had pulmonary | 
ju Comment Ex 
‘septal defect and side by side great Most reports on double outlet right ventricle indicate. 
ie 28 patients with the combination of that the great arteries most commonly lie side by side - | 
ricular septal defect and side by side with the aorta to the right of the pulmonary trunk. Our . 
> great arteries, 15 had systemic arterial study broadens this view. Although, in our series, most - 
ater than pulmonary saturation. Each of patients (39 patients, 63 percent) had this arrangement, 
her pulmonary stenosis (10 patients) or 19 (30 percent) with malposition of the great arteries 
ascular obstructive disease (5 patients). had the aorta anterior to the pulmonary trunk. An un- 
8 patients had pulmonary saturation usual situation occurred in two patients in that the great 
in systemic; 6 of these had pulmonary vas- arteries were normally related. 
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sal Considerations - = 
reoperatively, it is important not only to identify the 
ndition of double outlet right ventricle but also to 
etermine the position of the ventricular septal defect 
elative to the semilunar valve because the conditions 
equire different surgical procedures, depending on the 
inatomic features. In double outlet right ventricle and 
ubaortic ventricular septal defect with the great arte- 
es in aside by side relation (Fig. 1, top left) or in mal- 
sition (Fig. 1, bottom right), the repair is accom- 
lished by creating an intraventricular baffle that 
"conducts left ventricular blood to the aorta.9.19-?! In 
double outlet right ventricle and subpulmonary ven- 
ticular septal defect with great arteries in a side by side 
lation (Fig. 1, top right) in malposition (Fig. 1, bottom 
ft), the repair is accomplished either by creating an 
itraventricular conduit that conducts left ventricular 
blood to the pulmonary arteries and performing the 
[ustard procedure??? or by creating an intraventric- 
ar baffle directing the left ventricular blood to the 
aorta and connecting the right ventricle to the pulmo- 
nary artery by use of a conduit (the Rastelli opera- 


uà* 


tion).24.25 The double outlet right ventricle with great 
rteries in a side by side relation and remote (atrio- 
ventricular canal) position of the ventricular septal 
defect has not been successfully repaired as yet.”6 In 
double outlet right ventricle with great arteries in a side 
by side relation with subaortic and subpulmonary 
ventricular septal defect, the repair is also accomplished 
‘creating an intraventricular baffle that conducts left 
entricular blood to the aorta. 


liagnostic Considerations 


-Large film biplane angiocardiography is the most 
| portant diagnostic aid presently available. However, 


than the pu 


monary ventricular septal defect e 
pulmonary than systemic saturation, 
may be observed in subaortic ventricu 
with side by side relation between th: 

It is of interest that none of our pa 
aortic ventricular septal defect and eith 
position or levomalposition had pulmon 
greater than systemic saturation. Per 
plained by the fact that the subaortic ven 
defect is related more closely to the malpc 
valve than to the valve of a “side by s 
though saturation levels were equal i 
pulmonary trunk in each of the two pat 
ventricular septum, eight other patier 
modynamic feature had ventricular se 
various positions. E 


Associated Anomalies 


Double outlet right ventricle is associz 
anomalies. In addition to pulmonary st 
septal defect at the fossa ovalis occurre 
percent. Patent ductus arteriosus occur 
tients, and only 1 of the 10 had pulm 
Important also is the occurrence of pers 
atrioventricular canal (Rastelli type C 
anomalies of the mitral valve. Uu 

Important surgically is the tendency for 
pulmonary stenosis to have the ante 
coronary artery originate from the righ’ 
This presents the surgical problem of 
artery crossing the general area in whi 
culotomy is generally performed. 
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Eighteen patients treated with glucose-insulin-potassi 
anaerobic support of acutely ischemic myocardial tissu 
to ascertain the metabolic consequences of this theray 
cardial infarction. Twelve patients with acute myocardi: 
treated in a conventional manner and served as cont 
glucose-insulin-potassium solution was composed of 30 
50 units of regular insulin and 80 mEq of potassium ion p: 
infused at a rate of 1.5 mi/kg per hour through the right 
indwelling Swan-Ganz thermodilution catheter. Serial m 
serum electrolytes, cardiac and hepatic enzymes, glucc Si 
were obtained every 4 to 6 hours for 4 days. Twenty-fou 
volume and potassium levels were measured daily. Pul 
end-diastolic pressure was measured hourly and the card 
for the duration of the study. Serum potassium increase 
during the infusion and to more than 6 mEq/liter after infus 
of patients. No recognizable complications or arrhythmi: 
this transient hyperkalemia. Potassium balance studies 
total body potassium ion gain of 120 mEq during the stu 
most frequent finding was an elevation of serum glu 
mg/100 ml); in all instances this was controlled with : 
ministration of insulin. The serum osmolality and fluid bal: 
normal in all patients during the study. Serum glutam 
transaminase (SGOT) and fraction 5 of lactic dehydrogen 
increased in 34 percent of the patients during the last 1 
the glucose-insulin-potassium infusion. Characterization o 
suggested a hepatic origin for these changes. This study 
glucose-insulin-potassium infusion is a relatively safe pre 
postinfusion hyperkalemia is mne most serious potential 


Glucose-insulin-potassium solutions have been used: 
centrations and infusion rates!-? for support of ischemi 
acute myocardial infarction. Recent evidence^ has ind 
therapy is most effective when a concentration of 300 
mEq of potassium ion and 50 units of regular insulin : 
at a rate of 1.5 or more ml/kg per hour. This concentrat 
rate result in a daily volume load of 3 to 4 liters and. 
load of 160 to 240 mEq. Although no mortality related 

of glucose-insulin-potassium has been reported, morbi 
theoretically could occur as a result of possib 


- significant increase or decreas 


ho — ; The purpose „of this stud 





e the diagnosis of acute myo- 

n the basis of a typical history, 

lopment or evidence of subendocardial 

trocardiogram and a serum enzyme increase 
infarction. _ 


ose-insulin-potassium infusion for 48 hours 

n 12 hours of the onset of symptoms of the 
e consecutive patients with myocardial in- 
ted in a more conventional manner and re- 


dditional seven patients without evidence of 
| infarction or hepatic dysfunction were given 
n-potassium infusion to assess the influence 
non hepatic and myocardial enzyme activity 
ents were allowed an unlimited clear liquid 
rous record was maintained of all oral and in- 
intake. 
n the treated infarction group and four in the 
ion group had a history of a prior myocardial 
patient in the treated group had cardiogenic 
ssion and two patients had clinical and radio- 
of pulmonary edema. No patient in the control 
ence of cardiogenic shock, but two in this group 
edema. The remaining patients in both groups 
e of left ventricular dysfunction or had only a 
op. 
t After informed consent was obtained, right 
zation was performed utilizing a triple lumen 
hermistor catheter positioned in the main pul- 
Initial measurements of pulmonary arterial 
essure, cardiac index, right atrial pressure, 
es, urea nitrogen, creatinine, glucose and os- 
diac enzymes including lactic dehydrogenase 
me fractionation were obtained to establish 


— P GIK treated 
—-- Control 


Mean + SD 


d potassi 


every 6 hours, Pulmonary arterial end-diastolic pressure (a 
a reflection of left ventricular filling pressure?) was measured. 


evety 1 to 2 hours and cardiac index every 24 hours. Aliquots ` 


of urine were checked every 4 hours for glucose and ketones, ©. 
Serum chemistry values were measured on Technicon au- 
toanalyzers; lactic dehydrogenase isoenzymes were separated 
and measured by paper electrophoresis. Serum osmolality was. 
determined by the freezing point depression method. Stu- 
dent’s t test was used to assess differences of the means. Re- 
sults are reported as mean values + standard deviation. 


Results 


Clinical course: Two patients in the group treated 
with glucose-insulin-potassium died, one from recurrent i 
ventricular fibrillation 36 hours after treatment was. 
begun and the other from a second myocardial infarc- 
tion 4 hours after the infusion was discontinued. One- 
patient in the control group died on the 2nd day of 
treatment from cerebral ischemia sustained while he : 
was being resuscitated before hospital admission. 

Hemodynamics: The mean pulmonary arterial | 
end-diastolic pressure and cardiac index were not sig- 
nificantly different in the patients treated with glu 
cose-insulin-potassium and control patients. Hemo- 
dynamic values in both groups remained stable | 
throughout the study. aS 

Serum potassium: Figure 1 compares the serum. 
potassium ion response in 17 patients who received 
glucose-insulin-potassium for 48 hours with that of 12. 
patients who received a solution of 0.45 percent sodium . 
chloride or 5 percent dextrose in water. Serum potas- 
sium ion in treated patients gradually increased to a 
mean of 5 mEg/liter at the end of 48 hours, a level 1. 
mEq/liter higher than that of control patients. Six hours 
after discontinuation of glucose-insulin-potassiui 
infusion the mean serum potassium ion level rose to 5. 
mEq/liter and 12 hours after discontinuation it was 5. 
mEdq/liter. Serum potassium ion increased marked] 
(more than 6 mEg/liter) in 28 percent of patients but 
the increase was not pronounced in the remaining 7 
percent. One patient whose data were not included 
Figure 1 had a serum potassium ion value of 7.3 mEc 


encing marked elevations in serum potassium ion 
after infusion were treated 





-insulin-potassium therapy. Patients expe- 
cing cardiogenic shock were given glucose-insulin- 
assium provided the baseline urinary flow was at 

ast 15 to 20 ml/hour and also responsive to diuretic 


Potassium balance: Figure 2 depicts the total po- 
issium balance for the 4 days of the study. There was 


net gain in potassium ion of 170 mEq after 48 hours 
of glucose-insulin-potassium infusion. After the oc- 
currence of potassium ion elevation there was a net loss 
of 50 mEq of potassium ion during the 3rd and 4th days 


‘of the study, most of the loss occurring during the 3rd 
day. Thus, a net gain in total body potassium ion of 120 
mEq is apparent from Figure 2, although a portion of 
this potassium ion may have been lost through the 
sastrointestinal tract and would therefore not be ac- 
counted for in this study. © 


EB Total Potassium input 


| [J total Potassium Output 
Mean + SD 


Time (days) 


FIGURE 2. Potassium ion balance (mEq/24 hours) in the patients re- 
ceiving glucose-insulin-potassium infusion. Input exceeded output only 
-during the first 2 days of the study. 


— 9 GIK treated 
mite me Control 


“Mean. SD 


B 


ade to maintai 


hours of the infusion. 


a Urostik®, was generally absent or presen 


amounts. : Wu 
smolality: Figure 4 compares the se 
of the 18 patients treated with gluco 
sium with that of the 12 control patie 
statistically significant difference betwe 
However, the serum osmolality of the: 
declined by 8 milliosmols/liter during. 
otassium infusion. . 
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FIGURE 3. Comparison of mean serum glucose 
treated with glucose-insulin-potassium (GIK) anc 
control patients. Although serum glucose values 
persistently higher in treated than in untreated: 
statistical difference between the two curves. - 
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TIME (hrs) 
serum SGOT and LDH activity (IU/liter) in a patient 
dial infarction treated with glucose-insulin-potassium 
imes, especially LDHs (F,5), increased during the ter- 
the infusion. 


-potassium. During day 1 of the infusion 
an intake of 4.1 liters and a mean output 
lay 2 the mean intake was 3.7 liters and 
ut 2.9 liters, leaving a positive balance of 
ach day. It is probable that insensible water 
to 700 ml/day accounts for most of the re- 
tput and thus for most of the positive fluid 
ese patients. 
enzyme alteration: In 6 (35 percent) of 17 
ted with glucose-insulin-potassium, lactic 
je isoenzyme fraction 5 (LDH;) increased 
ast 12 to 18 hours of infusion. Concomitant 
rease was an increase in serum glutamic 
nsaminase (SGOT) activity to 150 to 400 
ee of seven patients without evidence of 
ardial infarction who were treated with 
i-potassium, a similar enzyme response 
late in the course of infusion (Fig. 6). 
enzyme elevation was limited to LDHs, 
ne patient) serum glutamic pyruvate 
GPT). No change from control levels 
ne phosphatase, bilirubin, protein elec- 
ttern or clotting studies occurred in any 


Discussion 


years? for treatment of angina pectoris 

'ardial infarction. Since 1969, Sodi- 

| group’ have advocated continuous 
oncentrations of glucose, insulin and 
at 


Electrolytes: The most frequent metabolic abe 
tion of glucose-insulin-potassium therapy encount 
in this study was hyperkalemia, which occurred in 
percent of patients. It was most prevalent after dis 
continuation of the infusion, and in one patient it was 
associated with T wave changes in the electrocardio- 


gram. The patients who had hyperkalemia had a normal 


creatinine clearance rate and a serum potassium ion 


level of less than 5.5 mEq/liter throughout the infusion. E E 
One patient with hyperkalemia had a history of anal- 7 


gesic abuse and conceivably may have had interstitial Es 
nephritis as an underlying renal problem. As previously .. 
noted, glucose-insulin-potassium infusion was discon- .- 
tinued after 24 hours in one patient because of hyper- - 
kalemia. Severe hyperkalemia (potassium ion greater 


than 6 mEg/liter) was treated with sodium polystyrene | ee 
sulfonate (Kayexalate®) orally or by rectal enema or DEN 
reducing the potassium ion in the infusate as originally . 


proposed by Sodi-Pallares et al.” 


A decrease in serum sodium ion of 6 to 10 mEq/liter — 


occurred routinely during glucose-insulin-potassium - 
infusion, but values returned to normal 12 to 24 hours | 
after completion of the infusion. Serum sodium ion level 
did not drop below 130 mEq/liter during this study. 
Potassium balance during the 48 hours of glucose- 
insulin-potassium infusion was routinely positive (Fig. 


2). However, renal compensation to the potassium ion .- 


load began to occur on the second day, so that a net loss . 
of potassium ion was apparent by the 3rd day. Never- 
theless, the patients had a gain of approximately 120 . 
mEq of potassium ion and at the completion of the - 
study they had normal serum potassium ion levels. E 
Blood urea nitrogen: Blood urea nitrogen decreased __ 
in all patients treated with glucose-insulin-potassium, | 
values ranging from 4 to 10 mg/100 ml by the end of the 
infusion, compared with preinfusion values of 15 to 25- 
mg/100 ml. This decrease presumably reflects the an- 
abolic condition of the patients during infusion or a 
decrease in hepatic synthesis of urea during infusion, 
or both. od 
Glucose: Hyperglycemia and an abnormal glucose ` 
tolerance curve are frequently observed after acute _ 


myocardial infarction.?-!! This finding probably reflects 


suppression of insulin release from the pancreas due to 
increased sympathetic activity coupled with poor pan- 
creatic perfusion.!?1? The majority of patients in our . 
study were hyperglycemic before infusion of glucose- _ 
insulin-potassium was begun, but the serum glucose 
level remained remarkably stable for the duration of the. 
study after slight variations in the insulin dose were. 
made during the first 12 hours of the infusion. Addi 
tional insulin was given subcutaneously when serum 
ed in the infusate by 

poglycemia occurred (oi 





| 


sion level as serum sodium and urea nitrogen 

rose to the normal range. 

luid balance: Fluid intake and output were uni- 
ormly well balanced in all patients receiving glucose- 
nsulin-potassium, with no evidence of hyper- or hy- 
povolemia in any patients during the infusion study. 


* 


atients who underwent hemodynamic monitoring had 
o left ventricular overload as assessed by pulmonary 
erial end-diastolic pressure determination.? 
Enzyme alterations: The enzyme alterations that 
occurred in 42 percent of control patients without 
myocardial infarction who were treated with glucose- 
insulin-potassium suggest a hepatic origin for these 
changes. This is difficult to reconcile with the finding 
that LDH; increased in two patients who were not given 
lucose-insulin-potassium but who were otherwise 
eated in the same manner as the patients given glu- 
ose-insulin-potassium. However, SGOT did not in- 
sase in these two patients. The significance of the 


ality returned to the 


zyme of specific hepatic orig 
bamyltransferase!^!? would be of c 
in elucidating the effects of glucose 
on hepatic function. | B 
Clinical implications: This stu 


safe procedure, serum electrolytes an 

should be serially monitored. Hyper 
glucose-insulin-potassium infusion sho 

by reducing the concentration of potassium io 
infusate, whereas hyperkalemia after dis: 

of the infusion should be treated with 

rene sulfonate orally or by rectal enema. 
may best be managed with additional ins 
tion, an increase in total serum SGOT a 
occurring late in the infusion period sho 
one to diagnose a myocardial infarctio 
creatine phosphokinase and LDH isoe 
evaluated. p 
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The controlled trial of the University Group Diabetes Program (UGDP) E 
investigators revealed an increased rate of death from cardiovascular | 
disease among diabetic patients taking tolbutamide!? and phenformin.? — 
Although criticism concerning the study was raised,‘ a recent review by _ 
the Biometric Society® concluded that the shortcomings of the UGDP- 
study were not sufficient to invalidate the results. mE 
Soler et al. reported an increased frequency of primary ventricular 
fibrillation after acute myocardial infarction among diabetic patients 
receiving oral hypoglycemic agents. They noted several episodes of this“ 
arrhythmia after the patients were transferred from the coronary care. 
unit and suggested that a longer period of intensive care may be neces- 
sary for diabetic patients receiving oral therapy. x 
This study investigated the association between primary ventricular 
fibrillation and survival in diabetic patients admitted to coronary care 
units and the treatment of their diabetes. à 


Method 


The hospital records were reviewed of all patients admitted to the coronary. 
care units of the three participating hospitals from January 1971 through J une 
1974 with a diagnosis of acute myocardial infarction and known diabetes mellitus, 
The three participating hospitals included two voluntary and one municipal- 
hospital. All patients had constant oscilloscopic monitoring during their stay ^ 
in the coronary care unit. They were transferred to the medical service of the 
respective hospital after discharge from the coronary care unit. The diagnosis 
of acute myocardial infarction was substantiated by typical electrocardiographic 
and serial enzyme changes. The classification of diabetic treatment was made 
depending on the type of medication taken immediately before hospital ad 
mission. Patients taking both orally administered drugs and insulin were cate-. 
gorized as receiving oral therapy only. eo 

A diagnosis of ventricular fibrillatic 





n 
T 
M, 


:dical record was first rea by one technician who re- 
orded the cardiac data and then later by the second techni- 
an for a diabetic history. There was no communication about 

individual records between them. Doubtful records were 
ecked by one of the investigators. 


| Results 


Two hundred sixty-five patients with known diabetes 
rere admitted with a diagnosis of acute myocardial 
nfarction. There were 60 patients treated with diet 
nly, 54 receiving insulin therapy and 151 treated with 
ral hypoglycemic agents (Table I). 

Ventricular fibrillation: Fourteen patients (5.3 

percent) had primary ventricular fibrillation, and all but 
one died. The time of onset of this arrhythmia and the 


diabetic treatment on admission are shown in Table II. 
'he incidence of primary ventricular fibrillation for 
each group is shown in Table IL These data did not 
eveal any statistically significant association between 


'ype of Oral Hypoglycemic Agent in 151 Cases 
Patients 
ino.) 
Tolbutamide 63° 
hlorpropamide 33 
Tolazamide . 6 
 Acetohexamide 7 
Phenformin — 9 
'olbutamide + phenformin | 7 
hlorpropamide + phenformin 6 
Tolazamide + chlorpropamide - 2 
-Chlorpropamide + phenformin 1 
Tolbutamide + tolazamide 1 
Tolbutamide + chlorpropamide + phenformin 1 
Not specified m | 15 
Total 151 


Fourteen Cases of Primary Ventricular Fibrillation: 
tic Treatment on Admission 


Therapy Outcome 
Chlorpropamide Died 
Chlorpropamide Died 
Diet Died 
Chiorpropamide Died 
Diet - Died 
NPH insulin, 40 u Survived 
NPH insulin, 28 u 


ling to typi 


e amon 
further 
similar in age (P = 0.074) and sex distribution 
(Table V). | sod 
Discriminant analysis was performe 
which linear function of age, sex and treat 
best differentiated between the survivors an 
vivors of acute myocardial infarction. T} 
technique allows one to control for age : 
examining the contributions of the treatm 
to mortality. The discriminant function (D 
obtained was: D* = 928.5 — 14 (age) t 1: 
(female) — 71 (insulin) — 47 (oral therap: 


After adjustment for age and sex, the differ 


Ata m Marry ri Pa o b itm Nen We trs ater rr Hm 


* (Holds only for 34 < age < 89 and scaled so that à 
dicates a greater likelihood of survival.) BE 


TABLE lll 


by Type of Diabetic Management 


Management Total 
of Diabetes Patients 


Preterea tat 


Diet only 60 
Insulin |» ..54 
Oral drugs 151 

Total cases 265 


* Chi square = 1.36 (not significant). 


TABLE IV 
Mortality by Type of Diabetic Management 


——]——À 
— Pd 


Management | All 
of Diabetes Patients 


Diet only 60 
insulin 54 
Oral drugs 151 

Total cases 265 


* Chi square = 2.58 (not significant). 


TABLE V 


Summary of Age and Sex Distributions 
by Type of Diabetic Management 


tt ——ÁÁ 


. Diet Only _ 





ference i in the incidence | 


cular fibrillation or mortality when the 
amined for the sulfonylurea drugs alone. 

difference was. noted between the type of 
m nagement and the site of myocardial in- 


Discussion 


lar et al. suggested that diabetic patients 
ypoglycemic agents had a greater incidence 
ntricular fibrillation after myocardial in- 

S study also was followed by statements of 

id criticism.-1? These criticisms pointed out 
ize of the study (184 patients), the effect of 
was administered after admission and the 
ction between sulfonylureas and phen- 
study revealed a trend toward increased 
of primary ventricular fibrillation in patients 
type of oral hypoglycemic agent, but the 
as too small to detect a statistically sig- 
nce with our sample size. Assuming a rate 

t among patients treated with diet alone 
records of patients receiving oral drugs 

d to have been reviewed to be sure at a 90 
ence interval that a rate twice the control 
nissed by chance. The significance of the 
ter mortality in the group receiving oral 
c agents could not be determined in our 
ariables such as time of onset and severity 


and chronotropic effects of oral hy- 
agents: In vitro studies!! indicating that 
s exert an inotropic effect on the myocar- 
ncrease the automaticity of Purkinje fibers 


e preg parations shos 
of poter ation c ort 


butamide or to increased insulin REN at that ne 
Hildner?? noted a positive inotropic effect lasting for 3 
minutes after a bolus injection of 250 mg of tolbutamid 
in patients during cardiac catheterization, but he foun 
no obvious chronotropic effects or any change i in auto 
maticity. The interval of several days between the las 
dose of oral hypoglycemic agent and the episode o 
ventricular fibrillation in most of our patients makes [ 
direct inotropic or chronotropic effect unlikely. d 
The mortality associated with episodes of ventricular 
fibrillation in our series was greater than that reported 
by others.!? An increased mortality in diabetic patients. 
with cardiovascular disease has been noted in the 
Framingham population!’ and is not thought to be en 
tirely explained by the associated risk factors frequenth 
found in diabetic patients. There is insufficient evidence. 
from our study to conclude that there is a significant. 
relation between primary ventricular fibrillation and- 
the method of diabetic therapy. i 
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The influence of dobutamine on hemodynamics and coro! 
was studied in patients after routine cardiac catheterizat 
demonstrated that dobutamine is a powerful inotropic aget 
has a relatively small influence on heart rate. In patients wit 
artery disease dobutamine greatly increased coronary arteri 
In patients with severe coronary artery disease dobutamin 
a much smaller increase in coronary perfusion, and the patt : 
became more inhomogeneous. The results suggest that c 

a potential inotropic value but raise concern about its influ 
myocardial perfusion in patients with serious coronary art 


The search for the ideal inotropic agent for the manage 
cardiac depression and shock of any origin, particularl 
myocardial pump failure, continues to be a therapeu 
Dobutamine has recently been developed by Tuttle et al 
to provide an inotropic agent that increases myocardial co 
coronary blood flow while producing relatively little chang: 
heart rhythm or peripheral vascular resistance. In addition 
studies have suggested that dobutamine may limit infar 
If dobutamine could increase contractility without mar 
heart rate and could also increase coronary blood flow sign 
uniformly without introducing a regional myocardial imb 1 
oxygen demand and availability, it would be a very use 
agent. Accordingly, this study was performed to evaluat 
of dobutamine on hemodynamics and regional myocard 
in patients with and without coronary artery disease. It re 
extension of our previous animal investigation,? which 
under certain circumstances dobutamine increases the e 
cardial injury in anesthetized dogs with acute coronary oc 


Methods 


Eighteen patients undergoing cardiac catheterization and c 
ography were studied; informed consent for diagnostic cardia 
and for the dobutamine study was obtained from each patient. 
arterial pressure, maximal first derivative of left ventricular pr 
left ventricular end-diastolic pressure (18 patients), cardiac outp 
and regional myocardial perfusion (8 patients) were measured 
completion of the diagnostic catheterization procedure. Thes 
ments were repeated in ail patients after a 5 minute infusion 
a rate of 8 ug/kg per min and again in five of these patients 
5 minute infusion of 15 ug/kg per min of dobutamine. 

All pressures were measured with Statham P23Db pres : 





eter in place 

atheter was then with- 

nary orifice, The myocardial perfusion 
iplished with a large crystal scintillation 
ed to a data acquisition system (Nuclear- 
gamma III camera, Ohio-Nuclear 150 data sys- 
1a radiation emitted by 133X e in myocardial 
ed in the form of consecutive frames of 3.6 
ition, and these data were stored in a 64 by 64 


of myocardial flow was performed using expo- 
ing by the weighted least squares method to 
onds of the !3?X e washout curves. The !33Xe 
lized by displaying the content of each frame 
oscilloscope. Regional flow values were gen- 
in the entire '°3Xe image and selected so that 
lated represented a square of myocardium 
cm to a side. The effective resolution of our 
high resolution collimator imaging a beating 
'm. This empirical resolution limit includes 
ading effects of Compton scatter. The choice 
es as regions of interest was based on consid- 
ution and good counting statistics. Maximal 
uring the coronary flow measurements never 
counts/sec. With a system dead time of 10 usec, 
ave caused appreciable image distortion or an 
count rate error due to dead time. 
rteriography and flow studies: The studies 
nary blood flow were measured were accom- 
he patient lying supine on a floating tabletop. 
r of the gamma camera was positioned at the 
ible so that when the patient was moved under- 
ara, the collimator bore the same relation to the 
ineangiographic camera. This procedure allowed 


MINE 


iately —— 


iring coronary angiography a 

s identified with an isotop 
ial perfusion study. This techniq 

permitted superimposition of the arteriographic and flo 

studies and also allowed detection (and correction of) any 


slight positional difference that might have occurred between 


the two flow studies. It also made it possible to demonstrat 


certain results by superimposing values of local myocardial 
perfusion rates onto tracings of the posteroanterior coronary 
angiograms (see Results section and Fig. 4 and 6 to 9). Others$ 


have also used this method to demonstrate regional coronar 
blood flow in patients. zt 


the anterior and posterior walls of the heart are estimated to 
be about 4 and 8 cm, respectively, from the collimator face 
If these distances are considered a point source and the inverse 
square law is applied, with consideration of the mass atteni 
ation coefficient for 15? Xe in muscle (0.178),” then approxi 
mately 13 percent of the total activity detected arises from t. 

8 cm source. In the frontal projection used the contributio 
of the circumflex circulation to the total perfusion value: 
obviously minimal. However, we believe that this meth 
permits accumulation of meaningful coronary blood flow dat 
especially in relation to changes in absolute coronary flow aft e 
an intervention such as the administration of dobutamine; the 


method also allows one to assess regional homogeneity of . 


coronary flow using each patient as his own control.8 
Cardiac output was measured by injecting 8 mg of indo 
cyanine green dye into either the pulmonary artery or th 


CARDIAC OUTPUT (LITERS PER MINUTE) 





OAK A ce 


x corres r 
considered signifi- 
EE increase in stroke volüme, stroke volum 
E x Results — the group by 45 percent from 65 to 95 ml/ 
Sighteen patients (nine male, nine female) were Arterial po A dose of 8 HB/ RB 
died; the mean age for the groups was 46 years. Nine dobutamine was assoc! ated with a 25 per 
natients had significant coronary artery disease; five of in systemic mean arter ial pressure (82344 
hese had diffuse, severe three vessel disease, three had — Hg, P «0.001) (Fig. 3). There was 
ere obstruction of the proximal left anterior de- 
scending coronary artery and one had marked narrow- 
ng of the main left coronary artery. Of the nine patients 
hout significant coronary obstruction three had pu e tae ak: 
eumatic mitral valve disease and six had chest pain = — n pde a 
ncertain origin but normal coronary arteries. in maximal left ventricular dP/dt (1,595 | 


nodynamics + 260 mm Hg/sec, P <0.001) (Fig. 4). ^ her 
eart rate: The infusion of 8 ug /kg per min of ther 200 percent increase in this value to 
obutamine was associated with an increase in mean Hg/sec (P «0.01) in the five patients wt 
eart rate of 10 percent (72 + 2.6. standard error] to 80 ug/kg per min of dobutamine. 
.1 beats/min, P «0.05) (Fig. 1). In the five patients | | C 
iven dobutamine at a rate of 15 ug/kg per min heart Regional Myocardial Perfusion "i 
ate increased 27 percent over the preinfusion value. Quantitation of regional myocardial p 
ere was no increase in ventricular premature beats accomplished in eight patients. Three of thes 
ring the infusion of dobutamine at either dose and no had normal coronary arteries, three had sev 
ient had a sustained atrial or ventricular rhythm triple vessel coronary artery disease and two 


ES 


nificant increase in arterial pressure after in 

ug/kg per min in the five patients who rec 

additional dose.  - BM 
Myocardial contractility: A dose of 8 


x 
RS 


I 


disturbance. x proximal isolated left anterior descendi 
Cardiac output: This value, measured in 12 patients, arterial stenosis. T 
increased by 52 percent (4.5 + 0.27 to 6.8 + 0.67 liters/ During the infusion of dobutamine at a ra 


, P <0.001) during administration of dobutamine per min the three patients with normal coro 


a rate of 8 ug/kg per min (Fig. 2). This increase in riograms had a 137 percent increase i 
ardiac output was at least partly independent of the moreover, the pattern of regional myocar« 


IN LV dp/dt 
eM 


MEAN ARTERIAL PRESSURE (mmHg) 


MUG i W 





of the marked increases in regional myocardial 

ed over a line drawing of the left coronary system) 
fusion of dobutamine in patients without significant 
disease. The top figure in each box represents the 
in. ml/min per 100 g left ventricle before infusion 
bottom figure in each box represents flow after 

ote the marked generalized increase in coronary flow 

er infusion of the drug. 


exhibited a more heterogeneous pattern of 1 
perfusion during infusion of dobutamine (Fig. 6 to 

In the two patients whose coronary arterial stenosis 
was confined to the proximal left anterior descending 
vessel the increase in perfusion after dobutamine ap- 


* NORMAL C 
+ ISOLATED LAD STENOSIS - 
"TRIPLE VESSEL DISEASE 


COEFFICIENT OF VARIATION 


50 t00 i20 i40 i60 180 
MEAN FLOW 
FIGURE 6. Comparison of mean regional flow and homogeneity of re- 
gional flow before and after infusion of dobutamine in eight patients. 
The ordinate scale represents the coefficient of variation of regional 
flow, an index of regional flow heterogeneity. The only two patients in- 
whom flow heterogeneity increased with dobutamine had severe three 
vessel disease; the greatest decreases in heterogeneity occurred in - 
normal subjects. LAD = left anterior descending coronary artery. 





otropic effect of dobu 
s study suggest that dobutamine may have some 
antages over certain other inotropic agents. It in- 
eases myocardial contractility and cardiac output but 
s a relatively small effect on heart rate. Eight ug/kg 
min n of EE increased cardiac output by 52 


| méan crat nde iur chee makes it 
somewhat more difficult to assess dobutamine’s influ- 
ence on contractility, but the i increase in left ventricular 
t after dobutamine cannot be ao explained 


à livic dal patients or in | the group as a hee In addition, 
dobutamine has been shown to exert a marked inotropic 
ect in experimental animals at a time when no sig- 
nificant change in mean arterial pressure occurred.? In 
iis study the administration of dobutamine was not 
el with frequent ventricular premature beats, 
here was no sustained atrial or ventricular rhythm 
obutamine's tendency to increase heart 

and to some extent arterial pressure, has previously 


flex vagal caia Pew and hace of periph- 
ral sympathetic tone, which are stimulated by the in- 
ase in a pressure that Aabi tam ae a 3 


2s had a path E ef fect th 

at similar inotropic levels, also. adverse 

myocardial oxygen consumption. > = 
Effect on myocardial performance: 


10. 


generalized and marked] increase in myo 

sion in patients without coronary artery ¢ 
ever, in patients with severe three vessel coro 
disease dobutamine caused a much s smaller i 


noted prev iously in our ic laboratory with f 
otropic agent isoproterenol. 11 In contras 
normal patients whose regional perfusion b 
homogeneous with infusion of dobutamine, 
three patients with three vessel disease exh 
M apre pavers et 


ae with en. S marked positis 
contractility, suggests a potentially de eteri io 
in patients with extensive coronary arte 
tien: with single vessel coronary disease a 
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S 
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of 4 to 20 u per min inem sig- 
erp rate, sisi gna: Sa ven- 


eat infarction si size Tf a new inotropic agent. (abstr). 


Dell RB, Dwyer EM Jr: Measurement of regional 
ial perfusion in man with ‘xenon and a scintillation 


in mean coronary blood flow and possi | ly furt jer i 
creasing the inhomogeneity of regional coronary per: 
fusion in at least some patients with severe coronary 


artery disease. These osa o that Mia er » 


in the setting of myocardial o not m 
with extensive coronary artery disease. | 


Eli Lilly Pac Co. Tor sat fidus and for nat 
dobutamine available for these studies. 
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ormation of Ebstein Type in 
ected Transposition 


of a patient with this anomaly. 


Case Report 





i and hemohkado 

what enlarged, weighing about 25 g 
ig t 16 g). External inspection of the left atrium 
clearly revealed the A-V sulcus demarcating 
bers. The left ventricle was divided into two parts. 
portion of this chamber was paper-thin and 
arcated from the distal portion (Fig. 2). From the 
eart the great vessels emerged with a normal 
omewhat enlarged pulmonary artery was anterior 

eft of a smaller aorta. 

t atrium was enlarged and thickened. An atrial 
of the fossa ovalis type measured 0.8 cm at its 
ter (Fig. 3). The tricuspid orifice was somewhat 

but the valve was normally formed. The coronary 
lattened but patent. The right ventricle was hy- 
od and enlarged. Its architecture was normal. A 
monary artery arose from this chamber. A widely 
arteriosus led into the descending aorta. 
trium (Fig. 4) was greatly enlarged. Its wall was 

in areas. The pulmonary veins entered it in a 

The inferior mitral valve leaflet and the mi- 

were displaced downward into the left ven- 

ing that chamber into a proximal atrialized and 
ricular chamber (Fig. 4 and 5). The aortic leaflet 
aced. The edges of both leaflets were thick and 

'he attachments of the valve were abnormal. Two 
stocky short papillary muscles originated close to 
. They were attached to the anterior and posterior 
short relatively thick chordae tendineae (Fig. 4 and 


tral valve orifice was slightly smaller than normal 


4 left ventricular chamber was paper-thin. Its 

was thin proximally but thick distally. The distal 
ilar chamber was smaller than normal, especially 
ow region, and its wall was thinner than normal for 


| spongy and trabecul 


normal. ae 
The coronary ‘arterial. irculátion was normal: 
dominant left type. E 


Discussion 


The diagnosis of the lesion of the mitral valve was 
made on the basis of identification of the left A-V & 
which was demarcated by the left circumflex coronar 
artery passing through this region. Thus, the effective 
inferior mitral leaflet was displaced downward into the 
left ventricle, subdividing that chamber into an atrial- 
ized proximal chamber separated by the mitral valve 
from the effective left ventricle—the distal chambe: 
The papillary muscles were abnormal. These features 
merit the diagnosis of malformation of the mitral valve 
of the Ebstein type. : 

To our knowledge, this is the first documented case 
of this malformation. Only Becu et al.? have previously 
referred to this type of heart. They note that one of their 
group examined a heart in another collection that *had 
a basically normal configuration but which also had one 
feature of the Ebstein-type of malformation in the mi- 
tral valve. In it, the posterior leaflet of the mitral valv 
had a basal attachment to the left ventricular wall in 
ferior to the mitral annulus fibrosis but the lower edge 
of the mitral valve was not abnormally attached." _ 

The mitral valve in our case was probably insufficient. 
The left atrium was huge and the right side of the heart 
was hypertrophied. At birth, the infant required re 
suscitation and later had signs of congestive heart fail 
ure with tachypnea and cyanosis. There was probabl. 
a left to right shunt through the atrial septal defect. 
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du n A V. CLP TEE STAT EY f. MEIN: amara ——E i: 
MITRAL VALVE MALFORMATION (EBSTEIN TYPE)—RUSCHHAUPT ET AL. - 


— Embryogenesis: The embryogenesis of this anomaly neae and papillary muscles. The junction of the adjacent 


is obscure. Normally,!? the left A-V (mitral) orifice at anterior and posterior components both medially and : 
developmental stage 10 to 12 mm, is surrounded me- laterally results in the medial aortic leaflet of the mitral 3 
dially by the tubercles of the anterior and posterior and lateral (posterior, inferior) leaflet and the anterior 
endocardial cushions and laterally by the left lateral and posterior papillary muscles. We may theorize that 
cushion. A subsequent process of undermining of the in our case there was an abnormality in the formation 
muscle of the developing left ventricle joins muscular or placement of the left lateral endocardial cushion. 


tissue to the endocardial cushion tissue to form four 
completely divided compartments, two anterior and two 
posterior. These compartments, consisting of endo- 
cardial tissue and muscle, form valves, chordae tendi- 


4 





FIGURE 3 (top). Right atrial and right ventricular view. ASD = atrial 
septal defect, fossa ovalis type; RA = right atrium; RV = right ven- 
tricle; TV = tricuspid valve. 


FIGURE 4 (right). View of left atrium (LA), mitral valve and proximal 
ventricular chamber (PVC). 





FIGURE 5. Distal ventricular chamber. A = artifact (a cut 
had been made in the ventricular wall); APM = anterior 
papillary muscle; E = endocardial surface; PPM = pos- 
terior papillary muscle. 
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pns procedure with use of deep ior v and total cin ulat 
RENE A. ARCILLA, MD, FACC. Postoperative hemodynamic studies showed complete closu 
septal defect, disappearance of truncal stenosis, but presence 
porcine valve stenosis. This procedure is possible even ` 
subjects and is preferable to palliative pulmonary arterial I 


icago, Illinois 


Li 


arterial trunk emerging from i hear and supplying 4 
systemic and pulmonary circulations. In 1967, Rastel 
technique for its correction using an aortic homograft wit 
mitral valve.! Previously, the defect was generally consi 
rectable although implantation of a valveless cloth tube co 
the right ventricle to the pulmonary artery has been perfor 
ative pulmonary arterial banding was often tried in cases. 
pulmonary flow, but results were generally poor. In re el 
modification of the Rastelli procedure using a prosthetic 

a valve attached? has been successfully performed in chi 
months to 18 years. This communication describes an infan 


normal d delivery. Hew was iiis to be corte at birth and 
the age 8 weeks when respiratory distress developed and he was a 
March 23, 1974 with congestive heart failure. Physical examinatior 
cyanosis and moderate respiratory distress; weight was 4.2 kg, b 
90/60 mm Hg, pulse rate 150/min and respirations 60/min. Card 
revealed 2+ right and left ventricular impulses and a systolic thri 
sternal border. The first heart sound was normal and was followe 
ejection click along the left sternal border. The second sound was single 
A grade 4/6 medium-pitched long systolic murmur heard all over tk 
was most prominent over the third left intercostal space. A grar 
mid- diastolic rumble was Beard s at the apex. xaminaven: of th 


below the isis costal margin. 

Laboratory studies revealed the following values: hemoglobin 
hematocrit 44.6 percent, white blood cell count 14,300 mm? 
ferential; Aer count 198 000. priino was Nona. Chest 





_ SURGERY FOR TRUNCUS ARTERIOSUS—SULLIVAN ET AL. 


. present (Table I). Biplane cineangiocardiograms obtained 
- with selective injection of contrast medium into the right 
ventricle, left ventricle and aortic root revealed a large cris- 
tal-type ventricular septal defect and abnormal arrangement 
of the great vessels typical of the truncus type I anomaly (Fig. 
1). A patent foramen ovale was also present. Despite vigorous 
therapy, the infant's congestive heart failure progressed. 
Corrective surgery: At age 8 weeks the infant underwent 
corrective surgery with use of deep hypothermia and circu- 
latory arrest. The body temperature was lowered to 22? C by 


TABLE | 
Hemodynamic Data 


surface cooling and the cardiac anatomy identified. The trunk 
of the main pulmonary artery had a diameter approximately 
two thirds that of the ascending aorta. At 18? C, circulatory 
arrest was induced. A cristal type of ventricular septal defect, 
about 2 cm in its greatest diameter, was closed with a knitted 
Dacron? patch. 'The common trunk had three valve leaflets 
that appeared grossly normal. The pulmonary artery was 
excised from the common trunk and the aortic side closed with 
double continuous sutures. A 12 mm graft of woven Dacron 
with an attached porcine valve was anastomosed to the pul- 


a nn ls. 0 


Preoperative 


Postoperative 


IDEM Er ——MM—————————————— "5 WSUPVIMUVE  . 0 0^. 


Oxygen saturation (96) 


Right atrium 71 
Right ventricle 81 
Pulmonary artery 90 
Left atrium 98 
Aorta 91 


76 
78 
78 
99 
99 
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Blood pressure (mm Hg) 





Right atrium 9/5(5) 10/9(6) 
Left atrium 18/18(12) 12/18(10) 
Right ventricle 105/9; 105/17* 60/9; 80/18* 
Left ventricle 100/15 E 
Pulmonary artery 75/30(45) ...755/20(35)* 
Aorta 90/40(50) 100/40(60); 135/60(90)* 
Cardiac index 5.3 8.6 
(liters/min per m?) 
Pulmonary-systemic shunt (Qp/Qs) 2.8 1.0 
(liters/min per m?) 
Pulmonary vascular resistance 203 224 
(dynes sec cm 5/m?) 
Systemic vascular resistance 756 736 


(dynes sec cm ^/m?) 





* Postangiographic recordings. 
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FIGURE 1. Preoperative biplane 


Be Tr 





cineangiocardiograms. Left, lateral projection. Injection of contrast medium into the left ventricle, demonstrating 


large ventricular septal defect. Right, frontal projection. Injection into common trunk showing typical type 1 truncus. Ao = aorta; d = ventricular 
septal defect; LV = left ventricle; PA = pulmonary artery; RV = right ventricle; Tr = truncus arteriosus. 
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omputer Analysis of Echocardiograms 


ARVEY FEIGENBAUM, MD 


idianapolis, Indiana 


this issue of the Journal Saffer et ali describe a 
hnique for computer-aided analysis of echocardio- 
grams. Given the rapid growth and interest in echo- 
ardiography, the application of computers to this di- 
gnostic tool was predictable. As Saffer et al. state, 
1any echocardiographic measurements and calcula- 
ions are time consuming to perform. In addition, be- 
ause some of these measurements vary with heart rate 
d respiration, averages of data from multiple cardiac 
cles probably should be obtained. Such ave raging 
viously would be easier with the assistance of a 
imputer. 
Computers might also be used to obtain useful 
hocardiographic information that is not routinely 
btained now because the manual calculations are too 
difficult. Such data might include the rate of change of 
. left ventricular dimensions.? There is evidence that the 
"rate of this change during diastole may be a sensitive 
- indicator of left ventricular dysfunction.? Other mea- 
surements, including the time-distance area between 
valve leaflets, might provide useful hemodynamic in- 
'ormation and would be much easier to determine with 
computer assistance. Thus, there is reasonable evidence 
to suggest that a computer could be helpful in obtaining 
some echocardiographic measurements now made 
manually and in deriving additional information from 
the recordings. = 
.A variety of techniques have been proposed for 
computer analysis of echocardiographic information.*+® 
Several groups of investigators are trying to have the 
omputer recognize certain echoes. Others are using 
ating systems that lock onto specific echoes. Both 
schniques have problems. Many echoes are close to- 
gether and difficult to differentiate from each other. For 
example, the posterior left ventricular endocardium is 
frequently in apposition to structures from the mitral 
valve apparatus, and the motion of the echoes can be 
very similar. In many cases it would be almost impos- 
sible to gate solely on the endocardium and eliminate 


the mitral valve echoes. It might also b 
ficult to program the computer to di 
cardial echoes from those of chordal st 

The technique described by Saffer et 
principle to that used by other inve: 
based on a semiautomatic system in w 
or technician identifies echoes and tra 
digitizing pen with X and Y coordinate 
technique requires manual tracing O 
is saved because the computer perfo 
matical calculations. The system does 1 
sophisticated program and probably can bi 
many computers now used in cardiac c 
laboratories or other hospital units. The 
much different from that used to determ 
volumes from left ventricular angiogr 
technique probably will be the most. 
method for introducing echocardiograpt 
computer. 

Such a use of computers requires 
of high quality. A printed compute! 
certain unwarranted dignity to data 
question that reports will be coming 
calculations, some carried out to four o 
figures. Yet, unless safeguards are prov 
tracings may occasionally be used t 
phisticated, but grossly inaccurate, 1 
urge that anyone receiving computer 
of echocardiographic data also have th 
cardiograms available for scrutiny. I 
should be given some indication conce 
selected for computer analysis. 

Because of the ease with which com 
form mathematic manipulations, echo 
may be tempted to make some unjus 
For example, the calculation of echoc 
ventricular *volume" will undoubtedl 
computer readouts. As most expert 
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'potheses on the mechanism of action of antiar- 
hmic drugs are based mainly on studies of isolated 

al cardiac tissue using the microelectrode tech- 

ie 4 In these studies, the effects of antiarrhythmic 
onts on variables including conduction, action po- 
tial duration and refractory period are determined 
d the results extrapolated to the in situ heart where 
hey are fit into various hypothetical models o! arrhy- 
mogenesis. Classifications of antiarrhythmic agents 
re also based on such studies of normal isolated tis- 
ue,>-® although hearts with arrhythmias may have one 
many abnormalities. There are limitations in this 
hod of analysis’® and, perhaps because oí these 
tations, the treatment of arrhythmias is to a sig- 
‘icant degree empirical and not based on electro- 
siologic principles or on any current classification 

a antiarrhythmic agents. In this editorial I will reex- 
mine the ways in which antiarrhythmic drugs are 
udied and classified and discuss some work on in situ 
bnormal hearts that may help to determine the elec- 
rophysiologic properties of antiarrhythmic drugs in 


Tachyarrhythmias have been classified into the fol- 
owing categories: disturbances of impulse formation 
automatic), disturbances of impulse conduction (pri- 
rily reentrant) and combinations of the two.^9 Au- 
matic rhythms are generated when a cardiac cell or 
oup of cells develop the capacity to fire at an increased 
ate. Reentry occurs when impulses encounter slowing 
onduction and one-way block of antegrade con- 
tion in a segment of diseased cardiac tissue.’ Im- 
yulses then reenter the diseased segment in a retrograde 
ction: completing the reentrant cycle. Boundary 
rents arising because of local differences between 
on potential durations in diseased and normal 
sues may be an important cause of reentry.” 


A major classification of antiarrhythmic agents sep- 


rates them into two groups on the basis of in vitro 
tudies.56 Agents in group 1 (quinidine and procain- 
mide, for example) have “local anesthetic” properties 
lowing conduction and prolonging the action po- 
tial di ration and the effective refractory period. In 


reentrant arrhythmias, these nd ar 
conduction to the point of block and tc 
toriness in the segment of one-way bloc 
two-way block and interrupting the ree: 
Agents in group 2 (lidocaine and diphe 
for example) are thought to have no effec 
hance conduction and thus may reverse 
by improving conduction in the previ 
segment. ^6 These agents shorten the actio 
duration and the effective refractory p 
both group 1 and group 2 depress autora 
in individual Purkinje fibers.” Proprano ) 
of drugs in both groups; in isolated tiss 
slow conduction and it shortens the ac 
duration in Purkinje fibers but has n 
prolongs the action potential duration 
muscle.4 


Lidocaine in Acute Ischemi 


Because this classification of antiarrh: 
is based on studies of normal tissue in vit 
studies of abnormal hearts in situ its useft 
limited. It is thus a logical step to examin 
physiologic effects of antiarrhythmic drugs 
regions of the heart and on the interplay b 
mal and abnormal tissue in situ. Such st 
models of myocardial ischemia and infar 
undertaken to determine the effects of 
propranolol on conduction, action po 
and effective refractory period in ischer 
and normal zones of the heart.?-!! Sii 
arrhythmias occur in acute ischemia, dire 
were made in some of these studies 
strated antiarrhythmic properties an 
logic effects, 19.1! : 

In dogs with 2 hour old myocardi l 
caine prolonged conduction and refra 
infarcted but not in the normal zone of 
first 15 minutes after coronary arteri 
caine had antiarrhythmic effects in 
frequency of ventricular beats! and wh 
effects it prolonged conduction and refra 
in the ischemic zone and it shortened. 
action potential duration only in the 1 
fore the administration of lidocaine, th 
duration was. shorter in the ischem 


i normal zone; wi 




















j] reviously one-way block; that 
yay be the same as that postulated 
sthetic agents. Other effects of lido- 
mission of impulses due to boundary 
ikely. Boundary currents may arise in 
because of the shorter action potential 
ischemic zone causing flow of depolar- 
ad propagation of reentrant impulses 
mal to the ischemic zone.? Since lidocaine 
lisparity between the action potential du- 
ese zones, the currents are less likely to 
dition, prolongation of refractoriness in the 
ne would cause impulses propagating from 
to the ischemic zone to encounter more re- 
and to be less likely to propagate further. 
aine may slow conduction it should be used 
on in patients with ischemic heart disease 
ild promote conduction abnormalities. 
udies!? have noted that lidocaine can 
iormalities to progress in certain of these 























































opranolol in Acute ischemia 


ne propranolol also had antiarrhythmic 
ucing the frequency of ventricular beats 
chemia!!; it slowed conduction only in 
one and prolonged the action potential 
effective refractory period in the ischemic 
1 lesser extent in the normal zone. Since 
rolonged the action potential duration 
hemic zone (where it had initially been 
in the normal zone) this drug considerably 
lisparity between action potential dura- 
zones. 

f conduction and prolongation of re- 
ced by propranolol in the ischemic zone 
ythmic consequences similar to those 
docaine and other local anesthetic 
vaine, propranolol reduces the disparity 
iotential durations in the ischemic and 
iaking boundary currents less likely. 
effect of propranolol on action po- 
d have been difficult to determine 
ual cells in isolated tissue baths. It 
that lidocaine and propranolol have 
ectrophysiologic properties in the isch- 
significance of these similarities for the 
ologic properties of antiarrhythmic drugs 
mày become more apparent when other 
tudied in the same or similar models. 
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of Dr ug : quod udin iechamia 


ce reentry s appears . ~” tiss 
rrhythmias occurring m 
ocaine may interrupt reen- ^. 
wo-way block in the segment 






of rabat ima effects i in ischemic and. infa 'cted 
zones suggests that drugs do reach these zones, wheth 
by direct diffusion from the left ventricular cavity wher 
they would quickly reach Purkinje fibers located at the 
endocardium, or by collateral or other intact blood flow.. 
Diffusion of drug from the normal zone to the periphery => 
of the ischemic zone, where boundary currents arise, 
could also occur readily. In addition, it is possible that 
certain drug effects are mediated indirectly through the. 
nervous system and not by direct effects on the heart. 
That both lidocaine and propranolol have different | . 
effects on ischemic and normal zones is not surprising. ` 
when one considers the many ways in which ischemia _ 
or infarction may modify drug effects. Disrupted cell 
structure or metabolites, such as adenosine or lactate, 
released in the ischemic : zone might modify drug ef- — 
fects.” Increased hydrogen ion concentration in the — 
ischemic zone might enhance the local anesthetic ' 
properties of lidocaine; these properties are believed to 
reside in the ionic form of lidocaine which has a greater ^ 
relative concentration at lower pH values.!4 The high - 
local concentration of potassium that occurs in the 
ischemic zone is known to potentiate local anesthetic * 
effects.!^ Lidocaine, for one, has recently been shown ao 
to markedly depress partially depolarized cells while ` 
having little effect on cells with normal resting poten- © 
tials'®; this property may well explain lidocaine’s se- 
lective depression of conduction in the ischemic zone... 
If calcium-mediated slow potentials are responsiblefor — 
impulse propagation in the ischemic zone, certain ^. 
drugs such as propranolol could have a different effect — ^. 
on these than on the sodium-mediated fast potentials 
responsible for impulse propagation in normal Purkinje 
fibers and ventricular muscle. Different concentrations — 
of catecholamines may be present in theischemiczone . ~~ 
causing a difference of beta adrenergic blockade. i 


Tissue Interactions, Arrhythmias and Drug Effects - 


The problem of differences between drug effects in _ 
situ and in vitro becomes even more complex when one "os 
considers that many tissues interact to cause arrhyth- ~ 
mias. In the ventricle, ischemia of the His-Purkinje d 
system or ventricular muscle, or both, could cause ar- DV 
rhythmias. In the atrium, mitral valve disease causes. 
electrophysiologic abnormalities as a result of stretch, = > 
fibrosis, ischemia or atrial hypertrophy. Atrial are. 2. 
rhythmias may be caused by complex interactions be- . 
tween normal and abnormal portions of working atrial 
myocardium, specialized atrial fibers and sinus and. vu 
atrioventricular nodal tissue, all of which are influenced... - 
by the autonomic nervous system. Because of these | 
Don it is not prising t that Huang clinicians , 










































sms for atonale "ay, ioeluditg so C ^alled 
ormal automaticity," which is characterized by 
drive enhancement rather than by overdrive sup- 
ession, an important feature of normal automaticity.'® 
dition, differences in action potential duration with 
ciated boundary currents not only cause reentry, 
also may cause diastolic depolarization with re- 
g automatic activity in the zone of the shorter 
in potential duration.”* In this instance, the effect 
antiarrhythmic agent on the interplay of action 
ential durations would be more significant than the 
nt 8 effects on a single automatic cell in vitro. 


Clinical Implications 


he most. important problem i in basing concepts of 

ig actions entirely on studies of isolated tissues is the 
culty in these studies of reproducing cellular and 
acellular abnormalities that occur in disease states 

1 of evaluating the effects of the agents on the in- 
rplay and current flow that may occur between rela- 
ely large volumes of specialized and working cardiac 
tissues. Further, the influence of the autonomic nervous 


Despite eas difficu ties, t 

lular potentials by the microelectre 
the most definitive model for under 
physiologic phenomena in the heart, : 
been made to reproduce in vitro certain of 
that may modify drug actions in situ. § 
efforts include the following studies: the « 
on right atrial tissue from patients wi 
disease? the effects of diphenylhydanto 
Purkinje fibers”°; the effects of verapam 
tentials?!; the effect of drugs on infarctec 
in vitro? the characteristics of abnorm 
mechanisms!®: and the effects of drugs on. 
perfused with blood from donor animals.” 23 
studies, an attempt was made to reprod 
abnormalities, either of structure or extra 
that occur in hearts with arrhythmias. Be 
complexity of the problem and the many a 
that occur, such studies are still in an earl 
future, similar studies and those perform 
eased heart should lead to new classifica 
tiarrhythmic agents that will reflect in 
physiologic properties and thus be of mort 

clinician. 
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_ The reels are turning nationwide. No matter where 
you are in this vast country, there is an Avionics Equipped 
_ Scanning Service or Center near you. Equipped with 
- the documented instrumentation in the field of Holter 
 Monitoring'^ —Avionics Dynamic Electrocardio- 
— graphy? Systems. 
There are now over 50 Avionics Equipped Scanning 
-` Operations throughout the country offering a wide variety 
of options for your particular Holter Monitoring Program. 
-. Whether you decide to purchase, lease, rent or borrow, 
. Avionics new 2-channel 445 Mini-Holter Recorders are 
- available. And Scanners are ready to serve. 
For the latest literature and nationwide list of Avionics 
Equipped Scanning Services/Centers, mail coupon. 
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If it were your blood pressure, would you 





The Gould Statham Model P23 ID 
Transducer is the culmination of 
nearly 30 years of leadership in 
the medical transducer field. 

The P23 ID has dependable 
electrical isolation that assures 
patient safety and is uncondition- 
ally guaranteed against damage 
from defibrillator or electrocautery 
use. All this plus stable, accurate 
performance in such applications 
as arterial, venous and wedge 
pressure measurements. 


Add the Disposable Diaphragm 
Dome to the P23 ID or most other 
units in the P23 series and you 


P23 ID pressure transducer with 
Disposable Diaphragm Dome. 





accept less than Gould Statham? 


have an impressive combination 
working for you: performance and 
safety with less overall cost. 

For more information on the 
P23 ID, Disposable Diaphragm 
Domes, and an outstanding oppor- 
tunity to upgrade your transducer 
inventory through a generous 
trade-in program, write Medical 
Transducer Sales Manager, Gould 
Inc., Statham Instruments Division, 
2230 Statham Boulevard, 
Oxnard, CA 93030. 
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special 


CGR MEDICAL CORPORATION 
25/9 Wilkens Avenue 
Baltimore, Maryland 21223 
(30) 233-2300 

CGR CANADA Ltée-Ltd. 

500 Boulevard de l'Aéroparc 
Lachute, Québec, Canada 
(514) 562-8806 


CGR's Arcus C 
gives you 


-Arm System 






total versatility for 
procedures. 





Special procedures demand total versatility in 
x-ray systems. Equipment that meets the needs of 
coronary catheterization, arteriography, pace- 
maker implantation, pulmonary angiography and 
documentation for surgical procedures. 

CGR’s Arcus C-Arm System meets all these re- 
quirements. 

The newsystemis specifically designed to provide 
convenient, systemized high-resolution diagnostic 
x-ray television, 35mm and 240mm image record- 
ing capabilities. Throughout a complete 240° 
explorative spectrum. 

The versatile system can be provided with a 
variety of image intensification apparatus, gen- 
erators and tables — both fixed and movable. 

Arcus C-Arm and Coronarix G — from a constella- 
tion of CGR special procedures systems. For more 
information, call or write your CGR representative. 


Coronarix 


CGR MEDICAL CORPORATION 
25/9 Wilkens Avenue 
Baltimore, Maryland 24223 
(301) 233-2300 

CGR CANADA Ltée-Ltd. 

500 Boulevard de |‘Aéroparc 


Lachute, Québec, Canada 
(5M) 562-8806 
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If Benjamin Franklin had LUBRAJEE HC, 
he wouldnt have needed the kite. 


Lubrajel HC is a naturally conductive, 
non-drying, water-soluble jelly. 

[t is packed in a special 5 ounce pleated tube that 
delivers the product easily and conveniently for 
transcutaneous stimulation, EKGs, EEGs and 


whenever a non-drying, conductive jelly is required. 
Washable, non-staining. 


Literature available upon request. 


Guardian Chemical Corporation 


230 Marcus Blvd., Hauppauge, New York 11787 - Tel: (516) 273-0900 


Also available kone 


Stimulation Technology, Inc. PP 
è 9440 Science Center Drive icy 2 : : : ; 
Minneapolis, Minn. 55428 $ Sr $. Guardian Chemical Corporation salutes the Bicentennial. 
Prga e 
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|. OVERDOSAGE Overdosage may cause an undesirable hypotension. Usual 







unt, nor in patients h 
potent 


milk, However, it is known that diazoxide crosses the placental barrier and... 
appears in cord blood, Like other thiazides, the drug may produce fetal or nea- . — 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism,- ^ 
and possibly other adverse reactions that have occurred in adults. Hypotension: 
may occasionally result, 1f severe enough to require therapy, it will usually. - . 
respond to the administration of sympathomimetic agents, such as norepine 
phrine, Hypergiycemia occurs in the majority of patients, but usually requires. 
treatment only in patients with diabetes mellitus; it will respond to the usual. 
management, including insulin. Therefore, blood glucose levels should be monie - 
tored, especially. in patients with diabetes or in those requiring multiple injec- 

tions of diazoxide, Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 

oral diazoxide, The disturbed carbohydrate metabolism was successfully treated 

with insulin, Cataracts have been observed in a few animals receiving repeated ` 

daily doses of intravenous or.ofal diazoxide. Since diazoxide causes sodium ree. o | 
tention c Agile ls may precipitate edema and congestive heart failure. | - 
This. retention responds characteristically to diuretic agents if adequate renal ^ — 
function exists, Concurrently administered thiazides may potentiate the anti- — 
mt hyperglycemic, and hyperuricemic actions of diazoxide (See Drug. — 
Interactions), Since increased. volume of extracellular fluid may be a cause of ^. 
treatment failure in nonresponsive patients, it may be advisable to reduce this | 
increased volume by means of a diuretic agent. Although no evidence of exces- — 

sive anticoagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT LV. injection and coumarin or its dae- 
rivatives, may require reduction in dosage of the anticoagulant (See Drug 
Interactions). 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. injection is a potent antihyperten- —— 
sive agent requiring close monitoring of the patient's blood pressure at fre- .— 
quent intervals, Its administration may occasionally cause M aae on requiring | 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat — 
such untoward reactions should be available. It should be administered only into | 
a peripheral vein, Because the alkalinity of the solution is irritating to tissue, . 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis, If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively.: 
Maximal antihypertensive effects occur after rapid administration (within 30 . 
seconds) into the vein; a slower injection may fail to reduce blood pressure or - 
produce a very brief response. As with any potent antihypertensive agent, 
HYPERSTAT [.V. injection should be used with care in patients who have ime 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental, Special attention is- 
required for patients with diabetes mellitus and those in whom retention of salt - 
and water may present serious problems (See Warnings). Nondiabetic patients. 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT 1.V. Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. re 
ADVERSE REACTIONS | "E 
Frequent and serious adverse reactions: Sodium and water retention . 
after repeated injections, especially important in patients with impaired cardiac. .- 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, | . 
especially after repeated injections, PM Ge 
infrequent but serious adverse reactions: Hypotension to shock levels; |. 
myocardial ischemia, usually transient but possibly leading to thrombosis and. 
manifested by angina, atrial and ventricular arrhythmias, and marked electro. - 
catdiographic changes; cerebral ischemia, usually transient but possibly leading | 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- - 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
Such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 
Papüledema, induced by plasma volume expansion secondary to the administra: 
tion of diazoxide, was reported in one patient who had received eleven inje 
tions over a twenty-two day period. ge ye 
Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various. 
transient neurological findings secondary to alterations in regional blood flow. 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded: 
ness. sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria’ 
or "funny feeling", ringing in the ears and momentary hearing loss, and weak- ^-^. 
ness of short duration; chest discomfort or nonanginal ‘‘tightness in the chest”; > 
transient hyperglycemia in nondiabetic patients; transient retention of nitro- . 
genous wastes; and various respiratory and gastrointestinal nams secondary ^. 
to the relaxation of smooth muscle, such as dyspnea, cough and c oking Sensa- . os 
tion; nausea and vomiting and/or abdominal iscomfort, anorexia, alteration in. - 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation» 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sioughing and/or phlebitis at the site of extravasation; back pain; and increased .- 
nocturia, Apprehension- or anxiety, malaise and blurred vision occurred on single ^ 
occasions, nee ub ee 
DRUG INTERACTIONS. Since diazoxide is highly bound to serum protein, if may: 
displace other substances or drugs which are also bound to protein, such as- 
bilirubin or coumarin and its derivatives, These potential interactions must be ^. 
considered when administering HYPERSTAT LV, Injection. The concomitant ad-. > 
ministration. of diazoxide with thiazides or other commonly used potent diu- = 
relics. may potentiate the hyperglycemic, hyperuricemic, and antihypertensive... 
effects of diazoxide; - Ge ow c beh a ctqe LE Blas eter See A ee 
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Effo, ^n niznt- 
Stat Regimen-for rapid 
reduction of blood pressure — 
in malignant hypertension 


drec-actong e _ 
Sefstat Iv 
SDAZOXDE ium 


"The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 4 
| 




















blood pressure response usually occurs within 5 to 10 minutes: * 


© Rapid reduction to normotensive levels O Uncomplicated procedure J 
induces rapid reduction of blood pressure generally Simple I.V. "push" in a peripheral vein in 30 seconds or 3 
within 5 minutes. ..often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary — - 
level achieved. Blood pressure response facilitated by until blood pressure is stabilized (generally 15-30 minutes). 
appropriate diuretic therapy. Thereafter, hourly measurement should be taken during 


i | ; 
cj Prolonged activity the balance of effect 


A single injection of HYPERSTAT I.V. generally maintains rj Convenient...no preparation 
blood pressure below pretreatment levels for periods HYPERSTAT I.V. supplied as a 20 ml ampule containing - 
up to 12 hours. 300 mg diazoxide in ready to use solution. 


© Protective action —helps avert target ! T be 
*Marvin Moser. M.D., Assistant Professor of Clinical Medicine, Albert 


organ damage Einstein College of Medicine, and Chief of Cardiology, White Plains 
Cardiac output increases as diastolic pressure is Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
reduced Coronary and cerebral blood flow maintained accelerated hypertension. Am Heart J 87(6): 791-795, June 1974. 


Increased renal blood flow after transient decrease. 


Administration guidelines 








4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 3 Inject entire dose I.V. in 30 seconds or 
a Of HYPERSTAT I. V. Injection (20 ml » recumbent. Insert needle only into . less. Remove needle carefully— 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation. 
4 Keep patient recumbent for at least half If patient is to be ambulatory, measure Ó HYPERSTAT I. V. Injection should be 
. an hour after injection; monitor BP 5. BP in standing position before ending » continued until a regimen of oral 
closely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes 
minutes. effective (generally within a few days). 
Copyright (O 1975, iM ES Ne. 
Schering Corporation. Before prescribing HYPERSTAT I.V. Injection, please consult complete product information, — 


All rights reserved. a summary of which appears on the facing page. 
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help the pacemaker patient, 


every step of the way 
MEE E R A 





Medtronic makes the Xytron 
- Pacemaker, of course. As well as 
many other innovative products. 
But products are only part of the 
reason why Medtronic can help you 
-be more helpful to the pacemaker 
patient. 





PROFESSIONAL REPRESENTA- ENGINEERING EXCELLENCE 
TION AND SERVICE The Medtronic ^ Heis your direct line to a company 
representative who calls on you is committed to discovery and engi- 
one of the most thoroughly trained, neering excellence. A company 


most professional representatives in already working on the concepts 

the pacing industry. He is committed that will become the reality of pacing 
to excellence. And with the resources technology in the 1980's and 90's. 
he represents, he can provide you 

with personal service, plus company 

services to assist you in your 
management of the pacemaker 
patient. 





VERTICAL INTEGRATION Consider 
Medtronic’s vertical integration. It 
places less dependence on outside 
sources, permits more precise 
control over the components that go: 
into our products. Our Micro-Rel 
subsidiary pioneers new manufac- 
turing methods and techniques 

that permit volume production of 
highly reliable integrated circuitry. 








QUALITY AND RELIABILITY As you A CORPORATE COMMITMENT 


probably are aware, quality and Your commitment toward serving 
reliability are particularly emphasized mankind is shared by the entire 3 
at Medtronic. One of every five Medtronic corporate entity. Like you, — 
persons involved with the manufac- Medtronic is working toward man's ~ 
ture of our products is assigned full life. 


quality or reliability control responsi 
bilities to assure that our products 


— MN Po Medtronic — 


Helping you help 
the pacemaker patient 
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Volume 16 of the series Advances in Cardiology features the proceedings of the 1st International 
Congress on Electrocardiology (15th International Symposium on Vectorcardiography]. 

At this meeting scientists from various disciplines, all of them sharing a common interest in the 
field of electrocardiology, met and discussed a number of items which should lead to a 
stimulation of interest in new research areas and improved clinical practice. Corresponding to 
the sessions of the congress, this proceedings publication is subdivided into six parts, 

each of which contains information of considerable importance to active participants in this 
growing area of study. 


Vol. 17 
Editor: John H.K. Vogel (Santa Barbara, Calif.) 


X + 253 p., 51 fig., 60 tab., bound, 1976 
6th Cardiovascular Conference in US $ 48.50 


Snowmass-at-Aspen, Aspen, Colo., 1975 ISBN 3—8055—2267—3 


The purpose of the 6th Conference on Cardiovascular Disease, for which this book represents 
the proceedings, was to define the current status of treatment in the more difficult and 
ever-changing areas of cardiology, including acute coronary artery disease, valvular heart disease 
and congenital heart disease. As a valuable supplement to the individual contributions 
presented at the conference, this work also includes the debates which took place on the 
questions of when to perform valve replacement, the role of surgery in unstable angina, and 
whether total repair during early infancy in congenital heart disease is advisable, 
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The Dyna-Gram® Scanner 
Simple to scan—on-screen- analysis of 
ECG on large, eye- level, nonfade scope. 












Simple to save paper 
and money— you print 
out only events of interest 
on ready-to-mount 8- 
second strips. 


Simply very accurate— 
digital clock is synchronized 
to the cassette timing track 
for precise time/event 
correlation. 


Simple to operate— 
keyboard controls 
easily identified, 
separated by function. 


The Dyna-Gram? Recorder 
Simple to handle—cassette and power pack ie N 
(standard disposable batteries) snap right in. 
No troublesome tape reels. Records 12 

or 24 hours without changing sides. 


The Dyna-Gram? Patient Package 

Simple to wear—comfortable, compact, weighs S disposable, complete—rasor, 

just 2 pounds. SS rd alcohol prep, electrodes, hypoallergenic tape, 
J T cassette tape, patient diary, 


Simple to keep accurate diary—quartz-crystal, even a patient information booklet. 


digital clock displays actual time recorded on tape. 





Simple isn’t it? 


Want to know more? That's simple, too. 
Just fill in and mail this card. 
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OCARDIAL C CONTRACTILITY AND ISOVOLUMIC POWER 
| AND RATE OF CHANGE OF POWER 


ein et al.! describe the clinical application of two quantities 
hey have recently proposed to characterize the con- 
actile state of the myocardium: the isovolumic power and 
e rate of change of power.? These quantities contain es- 
ntially the same basic mathematical information as the 
Wer density and the rate of change of power density that we 
introduced in 1971? and formalized in 1972 and subsequent 
years.*-8 Despite differences in the physics behind their 
uations and ours, the end results of each formulation con- 

n the same information: the ventricular pressure and its 
rst and second time derivatives. ''herefore, both formula- 
tions should yield comparable results. The similarity in results 
and mathematical content is shown in Figure 1, which com- 
pares tracings in the time domain of their quantities and ours 
uring the course of a calcium dose-transient response curve 
he isolated heart preparation. The tracings were simulta- 
eously generated by a general purpose analog computer in 
which the various mathematical expressions had been pre- 
ously mechanized. By convention, dots over the variables 
denote differentiation with respect to time. Calcium was given 
in doses of 2 to 24 mg in increments of 2 mg. Each transient 
response lasted approximately 1 minute (see time scale at 
bottom). The tracings of power density, simply the first time 
derivative in our definition, are plotted immediately above 
he tracings of isovolumic power as defined by Stein and as- 
iates. Similarly, the tracings of rate of change of power 
density, simply the second time derivative in our definition, 
are plotted immediately above the tracings of rate of change 
of power according to their definition. It can be seen that, 
along the calcium dose-transient response curve, the behavior 
corresponding quantities is essentially the same. This 
should not be surprising since both formulations derive from 
:omplementary approaches to the same fundamental phe- 


CaCl, (mg) 
8 i2 I6 20 24 


POWER DENSITY =P 
POWER = k(P.P) 
RATE OF CHANGE POWER 
DENSITY =P 


ik RATE OF CHANGE. POWER 


nomenon, that is, the TAN, in energy in nthe 
the phase of isovolumetric contraction. With 
science each approach should be consistent w 
either being fluid mechanics, as used by Sten 
equilibrium thermodynamics, as previously us 
both approaches should lead to the same res 
follows we will point out the differences in. thep 
each formulation as well as the acvaniagers an 
each approach. 7 
The argument advanced by Stein et al. rev 
energy spent by the ventricle in compressing 
its cavity during the phase of isovolumetric ct 
thermodynamic approach we neglected th 
pression ( f PdV) by considering the blood a: 
liquid. In reality, most biologic processes 
practically constant volume (dV ~ 10 L 
physical systems, the thermodynamic assi 
pressible liquids holds good up to several 
spheres of pressure.!? Second, Stein et al. d. 
tities from considerations of actual work p 
ventricle upon the elastic blood within its ca 
work depends not only on the capability of 
form but also on the conditions of its loadin, 
nificant problems in characterizing the state o 
only the work it is performing. Such charact 
a statement of the load that we show in Figur 
stant (k) definitions of power and rate of chanj 
Stein et al. In their definitions this constant 
of the end-diastolic ventricular volume and th 
of the blood. Whereas the bulk modulus of t 
reasonably approximated by using that fou 
end-diastolic volume cannot be disposed ofs so 
return later to how this was done. E 
In our thermodynamic approach, the work o 
had been discarded as negligible, and the o 
work term left in the Gibbs equation was the d 
a slug of blood into the aorta during the: ph: 
Earlier, during the isovolumetric phase, ther 
development of a work potential as a result. o 
the mechanochemical process of muscle con 
potential, which should not be confused with’ 
potential elastic energy, is a thermodynamic q 
senting the change in free energy in the ventric 
this quantity relates to the amount of work the 
is capable of performing at each point during 
volumetric phase of the ventricular pressure if : 
were to open at that point. Since the valve can o 
the ventricular pressure reaches the level of à 
any such point along the curve of rising ventri 
reflects the work that the ventricle can perfor 


readily a given ventricle can build up such poten 
work. Wet have shown that the rate of ena 





tives of the pressure. These derivatives 
own to medical investigators, who soon 
ieir peak values, though capable of detecting 
ntractility in a given subject, varied greatly from 
the next. As a result of the significant overlap 
e peak quantities could not be used to define a 
for a normal population or to distinguish between 
creased and decreased contractility in different 
en, it must have been evident to Stein and asso- 
was to us, that more meaningful quantities than 
ues of derivatives needed to be developed. 
:le under discussion, Stein and associates divided 
intaneous rate of change of power by their instan- 
power to obtain a new quantity, their fractional rate 


ge of power (FRCP) which, by canceling the constants 


tion, eliminated the need for statements con- 
end-diastolic ventricular volume and the bulk 
he blood. The physical argument justifying this 
sal operation is that the new expression “.... 
e rate of change of power relative to instanta- 
r developed during isovolumic contraction." We 
iomewhat similar argument while plotting the 
t time derivatives of the pressure in Cartesian 
....a plot of D vs. p represents the rate of 
ity generation for each level of power density 
ystem.") Although the similarity of arguments 
led to comparable results, the approach of Stein 
ambiguities in interpretation of the data that mar 
im of their approach. Thus, their fractional rate 
f power had “no readily measurable peak value" 
e measured at “various arbitrarily selected values 
aventricular pressure." Ventricular pressures of 50 
ig “were found convenient for purposes of de- 
le data.” “Because of the inaccuracies related to 
Aon of the ratios of small numbers, the fractional rate 
power was not computed during the initial portion 
contraction.” 
'teness, we will show briefly how our derived 
re free from the ambiguities afflicting their frac- 
change of power. Graphically, our energy-aver- 
nsity (APD) is the area under the isovolumetric 
ot p(t) vs. p(t) in Cartesian coordinates after 
e area by the maximal value of the isovolumetric 
ilarly, our power-averaged rate of generation of 
(ARPD) is the area under the curve of a plot of 
ivided by the maximal value of p. Mathemati- 


o» dp and ARPD = 1/pmax f 


Pmax n 


p dp 


rmations: 


max f, b*dr and ARPD = U/pmax {pdr 


, unambiguous expressions representing 
ower density and its rate of generation av- 
re pi f isovolumetric contraction. 


be more meaningful esti- 


he 


at can be evaluated only power density (ARPD 
shows that these values 
e peak values of the first and 


-fractional rate of change ol 
^ making as to their point of ev: 


from photographs of the screen of an oscil e d 
signals of pressure and its first derivative generated by 
equipment in any cardiac catheterization laboratory. ARF 
requires two cifferentiators in cascade. APD has a defini 
mathematical dependence in preload and afterload, whereas 
ARPD is free of this objection. ue 
In conclusion, it seems that Stein et al. have pursued the . 
same objectives that we had pursued earlier, that is, the 
evaluation of the change in energy in the ventricle during the. 
phase of isovolimetric contraction. Either disapproving of our: 
macroscopic thermodynamic description of this change in 
energy, or being unaware of it, they chose to use the more 
detailed description of the fluid dynamics approach. Again, 
within the unity of science, each approach should be consistent — 
with the other.and lead to comparable results. However, the . 
fluid dynamics approach requires a more intimate knowledge 
of the details cf the system as demonstrated, in this case, by 
the need to specify end-diastolic ventricular volume and bulk - 
modulus of the blood. Stein and associates could circumvent E. 
the need for this knowledge only by resorting to mathematical ^ 


operations that, ultimately, led to troublesome ambiguities ` 


in the interpretation of the data. Despite these difficulties, the - 
strength of the fundamental phenomenon underlying iso- 
volumetric contraction must have emerged through the am- 
biguities to allow for a reasonable separation between their 
patients with normal and abnormal ventricular performance 

Nevertheless, we respectfully submit that the approach of. 
Stein et al. has not improved in any way our earlier description . 


of the change in energy in the ventricle during isovolumetric  - 
contraction nor has it yielded simpler, more accurate or more X 
meaningful quantities to characterize the contractile state of | 


the myocardium. s 
Augusto H. Moreno, MD: 
St. Vincent's Hospital 
New York, New York 
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REPLY 
Our equationsrepresenta 





y ensured the rate d deu 


describe die tates of power | franafér. 
ese are distinct conceptual differences. The derivations are 
ue because the concept is unique and original. Any notion 
hese expressions expand upon, modify or relate to any 
r descriptions of isovolumic energetics is fallacious. 
he equations applicable to the isovolumic period which 
lerived and which reflect ventricular performance are: 


c rate of change of power 


Vo | (2Y 2 | 
ame | [<] + Ps 

Mp L \dt dt? 
ldp , idp 

yee 

ES pdt pdt 

Ve also derived an equation representative of isovolumic 
wer which was: 


 Isovolumic FRCP = 


Isovolumic power = — ao p dp/dt 
Mg 


| Svolumic power was affected by preload and did not 
parate normal patients from abnormal patients with the 
larity of the isovolumic rate of change of power.! We did not 
propose that the isovolumic power be utilized as an expression 
ndicative of performance. 
“All of our derivations are based upon the rate or acceleration 
-of energy actually imparted to the blood in the form of com- 
pression of the blood within the ventricle. Equation 1 there- 
ore indicates the rate of power actually developed by the 
ventricle and transferred to the blood during isovolumic 
contraction in the course of compressing blood within the 
entricle. The values are small but real. They are derived from 
he only form of work actually performed during isovolumic 
ntraction, as identified by the Gibbs equation cited by Dr. 
Bloomfield et al. (Moreno's Ref 4). The value of these ex- 
sressions lies in the supposition that the magnitude of the 
celeration of energy for the accomplishment of this work 
during isovolumic contraction, even though it is small, reflects 
ventricular performance. 
"The very thing that we examined, and upon which all of our 
ork was based, was categorically excluded from all consid- 
erations i in the work of Bloomfield et al. They assumed that 
he blood is incompressible. That is not a trivial difference in 
Ihysics or in mathematical technique that permits one to 
obtain a common goal by parallel pathways. This is a theo- 
tical distinction of major conceptual importance. 
Moreno states that our equations contain the same infor- 
mation as his equations, namely ventricular pressure and their 
rst and second derivatives. They showed that dp/dt (where 
; developed pressure) could be defined as the rate of gen- 
on of free energy per unit volume of blood that would be 
ejected. They showed that d?p/dt? could be defined as the rate 
of generation of power density, that is, the acceleration of 
generation of free energy in the ventricle per unit volume of 
) d that uas be RA Whether the first or second de- 


emet et 


value of the ond derivative ¢ 


rate of generation of power density (A 1 
meaning they attribute to this expressio 
measurement differ from those of previou i 
end result is another exploration of a sing 
which has been examined in detail by other 

A redefinition of dp/dt in terms of the rate 
of free energy in the ventricle per unit volu 
would be ejected and its average value, th 
rate of power-density generation,” falls 
meaningful expression. Since these equations 
the volume of blood that is actually ejecte: 
values do not truly describe ventricular pe 
stroke volume may vary with any given va 
d?p/dt?. Therefore, the actual power or rate of c 
that the ventricle will develop may differ from 
values described by these formulations. _ 

Even a cursory inspection of equations lan 
that considerably more information is conta 
these expressions than in computations ba 
upon the first derivative or upon the secon 
pressure. Both equations are a function of t 
variables: pressure, dp/dt and d?p/dt?. In addi 
1 also relates to end-diastolic volume. For 
therefore, in a single mathematical expression tha 
based upon theories of fluid dynamics, one is 
a meaningful fashion these critical indexes o: 
Entirely new expressions result. This exceed 
assignment of a different meaning to a prev 
expression. Of a practical nature, we show 
equations 1 and 2 reflected drug- induced a 
contractile state and were little affected b 
preload or afterload. In patients we showed the 
and 2 distinguished those with normal perf 
those with abnormal performance. 

The equation representative of the isovol 
change of power (equation 1) has specific advai 
physiologic meaning is readily apparent; (2) it 
upon theories of fluid dynamics, the only ass 
that of isothermal conditions during the isov 
(3) it follows the traditional concepts of hem 
relating work, power and rate of change of po 
dependent of assumptions related to geometry o 
orientation or synergy of contraction; (5) it rela 
to isovolumic pressure and its rate and accelerá! 
hemodynamic expression. Peak values were re: 
with this expression. The simultaneous meas 
ventricular volume by echocardiography a 
pressure during cardiac catheterization increas 
applicability of this expression. The measu 
diastolic volume (Vo) is never assumed to be c 
measurement of the isovolumic rate of change 
this regard, it should have been measured afte 
calcium chloride administered in Moreno's Fig 
isovolumic rate of change of power showed r 
results than the rate of power density (d? 
plained reduction was noted with the latter 
tration of 22 mg of Pen chloride. pe 





"eris 
power relative to instantaneous power. The 
iseful during the isovolumic period, when it 
energy transfer to the blood in the act of com- 
also is useful during ejection,? when it represents 
the rate of change of useful power developed 
on to instantaneous power. The expression is 
unambiguous. It applies with precision throughout 
olumic period. Since there is no peak value of 
ractional rate of change of power (or if there 
easure it) we elected to evaluate this hemo- 
ble on the basis of values at selected points 
olumic period. Theoretically, one could select 
ig the isovolumic period in order to make such 
Irrespective of the techniques of measurement 
tion, ratios of the first and second derivative of 
‘the onset of the isovolumic period, when pres- 
> subject to errors of measurement. We found 
ilizing digital computation techniques; it is 
itilizes analog techniques. As Bloomfield et 


ir to determine an average fractional rate of 
wer during the isovolumic period. Perhaps, in 
with the style of data presentation utilized by 
tal., a presentation of the data in this form may 
ary. A clear distinction among patients would be 

a descriptive number, with no "ambiguity," 

tained. 

/, our concept of measurement of ventricular 
‘is based upon actual work performed during 
ontraction. In this regard it is distinct and 

ent from that of Bloomfield and associates and 

o their description of the free energy that po- 

be generated during the isovolumic period. 

equations will prove to be more or less mean- 
| of practical application remains to be tested. 
wn the functional value as well as the theoretical 
of our work. Equations 1 and 2 distinguished 
nts with normal and abnormal performance 
tandard isovolumic indexes. Although 3 years 
€ publication of the article by Bloomfield et 
ias cited no additional references to the appli- 
r equations for the evaluation of patients. 
i Paul D. Stein, MD 
G. Grady McBride, BS 
Hani N. Sabbah, BS 
Edward F. Blick, PhD 
Veterans Administration Hospital 
Oklahoma City, Oklahoma 


Despite its known potential in older equipment 2-4 it has not. 
been reported to involve small hand-held home appliance 

except in the rare instance of electric razor incompatibility.* 7. 
The following two cases are therefore of interest. E 


Case 1: A 73 year old woman underwent a transvenous ` 
pacemaker implantation at Montefiore Hospital and Medical 
Center on December 24, 1973 for treatment of third degree 
heart block with a normal sinus mechanism and intermittent - 
Adams-Stokes seizures. The pulse generator, implanted in the 
right delto-pectoral area, was a General Electric R wave- 
inhibited A-2075A model. Function was entirely normal until 
February 18, 1975 when the patient contacted the pacemaker : 
center to complain of having a "peculiar feeling” similar to. 


preimplantation "feelings," while cleaning her teeth with her du 
new electric toothbrush. Tests with the toothbrush (Squibb- .. 


Broxodent toothbrush model D11) in the pacemaker center . 
the next day demonstrated that when it was turned on and: 
held over or moved over the implanted pulse generator within 
1 to 2 inches (2.5 to 5 cm) of the skin, it inhibited pacemaker 
output for sufficient periods of time for the patient’s rhythm 
to revert to her underlying bradycardia so that she experi- 
enced the symptoms described. In the right hand, the normal 
position for use brought the toothbrush handle with its moto 

element into optimal position for prolonged inhibition (Fig. 
1). With the patient’s return to use of a standard toothbrush, 
pacemaker function returned to normal. ii 


Case 2: An 82 year old man underwent transvenous pac 
maker implantation at Montefiore Hospital and Medi 
Center on July 22, 1974 for treatment of right bundle bran 
block and left axis deviation with intermittent sinus brady- 
cardia, intermittent third degree heart block and intermittent 
Adams-Stokes seizures. The pulse generator, implanted in the 
right delto-pectoral area, was an R wave-inhibited Medcor 
model 3-70A. Function was entirely normal. On February 24, 
1975 this patient overheard a conversation related to tooth- 
brush tests in the first patient and announced he had used the 
same toothbrush for 2 years (predating pacemaker implan- 
tation) without any ill effects. Studies in this patient, with. 
own and with the toothbrush used in Case 1, demonstrat 
similar inhibition, but an underlying sinus rhythm, at a ra 
just below that of the pacemaker, sustained the patient’ 
circulation and he was entirely unaware of any physiologic 
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IGURE 2. Note complete inhibition of pacemaker output during passage of toothbrush 
ss the pacemaker. Asystole did not occur because there was an underlying sinus rhythm. 


hange (Fig. 2). Similar underlying sinus rhythm had been 
noted at each previous postimplantation examination and 
undoubtedly was present whenever he cleaned his teeth. As 
a precaution, because of his history of intermittent complete 
eart block, he was asked to switch to nonelectric equipment. 


: After these two cases, a limited sampling of the effect of this 
electric toothbrush on other implanted pulse generators in- 
icated that it also could trigger, variably, Cordis models 143, 
144, 145 and, in some patients, less readily, Cordis models 162 
and 163 and Medtronic model 5961. It did not appear to affect 
Biotronik model IDP54 or IDP44 or Pacesetter model BD102. 
Other models of these or of other companies were not exam- 
ined. 
` Analysis of the output of the toothbrushes revealed that 
ey had 60 cycle alternating magnetic fields comparable with 
at of electric razors. At a distance of 5 cm from the brush the 
jeld was sinusoidal with a peak strength of about 1.6 gauss. 
t 10 cm the field strength decreased to 0.4 gauss. Unlike most 
mall appliances, there were no significant high frequency 
ymponents to the alternating magnetic field. 
“As in the case of electric razors, these units are more likely 
cause inhibition when in motion since movement modulates 
he high frequency carrier wave to rates within the obligatory 
receptive range of the pulse generator. As opposed to electric 
razors, however, which in use position are 4 to 5 inches (10 to 
3 cm) away from the pulse generator, the power source of the 
toothbrush, with its long handle, is in use position directly over 
he pulse generator. If any of the pulse generators went into 
heir fail-safe “noise” mode of asynchronous pacing, which 
vas a possibility with this interference field, it was not obvious 
uring preliminary clinic observations, since in most of the 
iits tested, noise rate and base pacing rate were the same. 
"he question of whether or not others of the new generation 
andheld household electrical appliances or grooming aids 
-similarly trigger these or other pacemakers already is 
der investigation. 
." Doris J. W. Escher, MD, FACC 
Bryan Parker 
Seymour Furman, MD, FACC 
Departments of Medicine, Bioengineering and Surgery 
_ Montefiore Hospital and Medical Center 


Bronx, New York 
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WHO SHALL GUARD THE GU 


dition that, as a society becomes more coe 
for would-be enforcers. Parsonnet! mand: 
sicians who insert pacemakers, “a figure of ei 
higher than 5 percent calls for a review of res 
audit committee (now probably PSRO), and for 
of physicians' privileges." Parsonnet's rate i 
rate is 2.3 percent. I therefore suggest tha 
dislodgment higher than 3 percent calls for : 
by a proper audit committee (now probab 
modification of physicians’ privileges. Qui. 
custodes? : 
Eugene G. Lafore 
Newton Lower Fall 
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PERMANENT CARDIAC PACIN 
TRANSVENOUS VERSUS TRANSTHORACI 


Parsonnet summarily condemns the recent 
terest in direct myocardial implantation—s 
sutureless screw-in electrode for permanent vent 
and concludes that the transvenous techniq 
ferred pacing method in all situations." . . 

The thrust of Parsonnet's objections to 
method for cardiac pacing are (1) transven 
sociated with a “trivial incidence of com: 
transthoracic pacing is neither “swift nor simple 
cannot be performed by internists or cardi 
transthoracic pacing by its very nature mus 
with a significant morbidity and mortality 

We believe Parsonnet’s views deserve ar 
he has, ex cathedra, dismissed unjustifiab! 
documentation, the sutureless screw-in electr 
epicardial pacing lead that has proved to be 
vance in the treatment of patients requirin 

Parsonnet's first contention that transven 
are trivial is both misleading and nonreflec 
rience of other leading cardiac pacemaker ce 
major complications of transvenous pacing 
late) are electrode displacement and myocardi: 
Relative to displacement, Parsonnet repor 
incidence rate in 219 primary transvenous i 
during 1973 and 1974. However, he does not 
malpositions (dislodgment or perforation 


al.) from Duke 
at incidence ra 





treatment of patients requ n 


C of 6 percent; ren et 
dgment rate; and Kahn’ obi 
A te of perforation. 


oto: in di fact trivial but disturbingly fre- 
significance i is that a second operation is 


Gat kon) results in inconveniences (hospital 
sychologic trauma) to the patient but also 


'ations of the transvenous method, although 
nclude tricuspid valve damage, major venous 
ilmonary embolism, septicemia and endocar- 

rdial thickening and high chronic stimulation 
dditionally, two recent reports? that compare 
mplications of endocardial versus epicardial 
jlantations demonstrated a 2 to 3 times higher 
te of complications resulting from the transvenous 


to Parsonnet's second objection, we consider 
that neither cardiologists nor internists can 
ransthoracic procedure to be pure sophistry and 
it does not address itself to the point under 

; which is that the ultimate role and true worth 
ess pacemaker technique should not be judged 
at only surgeons can perform this procedure. 
rsonnet indicts transthoracic pacing since it 
ter incidence of morbidity and mortality than 
ous pacing. We agree with this statement when 
iethod for electrode insertion utilizes a formal 
ith endotracheal intubation and general an- 
ver, the sutureless lead was specifically de- 
d the problems associated with a standard tho- 
mitting lead installation by way of a limited 
r | transxiphoid (extrapleural) approach using 


found the operation to be safe, easily performed 
ted, in a personal experience with more than 
Postoperative complications were few and 
ature, occurring in the immediate days after 
co onsisting of pericarditis (surgical), pleuritis (left) 
mic disturbances, all easily treated, self-limited 
erious consequences. There were no late com- 

| no patients required a second operation. 
islodgment, myocardial perforation, lead frac- 
ock did not occur in any of our patients. These 
demonstrate that the sutureless lead provides 
e placement permitting uninterrupted long- 
cing, the major advantage of this pacing sys- 


al position of the lead to the heart is important 
the potential for development of intracardiac 
iivular damage, major venous thromboses, 
bolism and septicemia and endocarditis, 
vhich are inherent with the transvenous en- 


Cabrini Health care Cente 
Acute Care Division ~ | 
New York, New York. - 
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REPLY 


Laforet's low incidence rate of electrode dislodgment will help: 
me answer the arguments of Varriale and Naclerio. As for his. 
other point, neither Laforet nor I like enforcement, but _ 
shouldn't we both accept standards for acceptable perfor: — 
mance? And when acceptable performance is not obtained in — 
Newton Lower Falls, who will bell the cat? Peer review is with ` 
us, and perhaps for good reason. The publishing of both our 
good and bad results, as we are doing here, is a fine way t 
monitor ourselves. It is certainly better than other alterna is 
tives. | 
Varriale and Naclerio, in disagreeing with me, have in fact E 
supported my arguments by citing the bad experience of some — 
pacing centers. It is unfortunate that good results tend to re- 
main undisclosed, perhaps because they are good. A little 
search, however, will reveal the following incidence rates of 
pacemaker dislocation: 0 percent (Morse et al.!); 1.5 percent. 
(Parsonnet?); 1.8 percent (Bette et al.3); 2.1 percent (Center*) 
2.3 percent (Laforet); 4.1 percent (Furman et al.®): 5.2 percen 
(Seremetis et al.7); and 3 percent (Siddons?). , 

Interesting data were disclosed in a national survey that } 
conducted in 1972 in preparation for the Groningen Pace-- 
maker Conference. Approximately 170 pacemaker centers 
throughout the country responded to a questionnaire. At that. 
time, electrode dislodgments occurred within the first week. 
in 90 percent of the cases and later in 10 percent. Among 53 
centers that reported actual data (as distinguished from es- 
timates) the dislodgment rate of electrodes was reported as. 
4.8 percent (range 0 to 25 percent), and the perforation rate : 
1.5 percent (range 0 to 25 percent). The estimates received : 
from another 104 centers were almost identical, with a 6 per- 
cent dislodgment and a 2 percent perforation rate. It will} 
interesting to see the results of a recent survey prepared for 
the Fifth Pacemaker py epost held in Tokyo. in Marel 
1976. NS ES 
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f islocations in- 


: on to. the other compli- = 
ous pacing as if there were no significant 


ith transthoi acie pacing. Each technique has its 
! ecific set of problems, but of the frightening transve- 
nous s list that they reported, we have seen no case of tricuspid 
damage, major venous thrombosis or pulmonary embolization 
almost 1,400 transvenous implants. “Catheter fever" is 
remely rare, occurring only twice in our experience. And, 
be fair, we must remember that many complications in the 
occur with either system. High threshold occurs with any 
de; the route of insertion is irrelevant. But when in- 
1 occurs around a pulse generator that requires its re- 
ioval, how will Varriale and Naclerio get the transthoracic 
ectrode out? It will require a thoracotomy for removal of 
ifected transthoracic electrodes. Here is a significant and 
portant distinction between the two operative methods. 
As for the differences in mortality and morbidity in trans- 
thoracic and transvenous pacing, there is ample evidence in 
almost everyone's experience to support the relatively benign 
nature of transvenous pacing, despite its unique difficulties. 
the series of Varriale and Naclerio of 60 patients with 
myocardial wires, were there no operative deaths? And why 
o they minimize complications that they have seen? 
I don't believe that transthoracic pacing is never indicated. 
At present it appears to be at best an alternative, but less safe, 
approach, to be used only in special circumstances. 


Victor Parsonnet, MD, FACC 
Department of Surgery 

Newark Beth Israel Medical Center 
Newark, New Jersey 
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. MEDICOLEGAL IMPLICATIONS OF PACEMAKERS 


reifus and Cohen! list a variety of possible problems of im- 
lanted pacemakers, suggesting that the physician may be 
egally liable for most, if not all, of them. This does not make 
sense legally or medically. As written, their editorial presents 
variety of options for the unscrupulous lawyer and the liti- 

ous patient. 

also take exception to some of their suggestions. I do not 
ww of anyone who implants redundant pacemaker systems 
protect against lack of pacing. Even if this were a practice, 
certainly not conventional or customary. I am also puzzled 
the term “minor wire fracture ” Either a wire is broken or 


z  netometer a 
-... presence of these 
— improbable.?? 


The authors : are scone in saying g that f 
may not be the principal legal hazard in the fi 
pacemakers.” I do not believe that it is. The 
the clinician i is faced with new o 
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REPLY 


Our editorial did not suggest that redund: 
should be implanted. It only pointed out tha 
on occasion when the patient demanded 
knowing he was totally pacemaker-depend 
cumstances were such that the risk of a double 
was much less than the possibility of wire di 
of pacing threshold or failure of an older sysiet 
the life of the patient. 

The term “minor wire fracture" is taken out 
wording was used so as to emphasize the poss 
fractures not being detected by ordinary m 
maker testing or X-ray examination. These: 
often subtle. They are transient phenomena 
to detect in many instances. Only when thi 
separate and do not enjoy connection by a “sal 
wire fracture become quite apparent. Hence 
that “a wire is either broken or it is not” is not al 
I'm sure Smyth is aware that a saline bridge be 
broken ends of the wire can cause pacing a 
not at others. Possible pacemaker malfunctio 
of microwave ovens, radio broadcasting static 
is common knowledge among patients, and it 
duty of the physician to make it clear that th : 
hazards although not very probable. 

Finally, the recitation of the possible proble: 
ability in tort related to charges of malpracti 

sulting or treating physicians, surgeons, hospital 
ufacturers is with us now. The stimulus f: 
emerged from the communication by Segall! on 
of cardiac pacemakers. One cannot sweep mali 
the rug" and hope that it will just go away. V 
are made aware of their responsibilities and 
which we can cope with the problems that ar 
because of the very nature of the complicatio 
of implanted devices, we will reach some reas 
over this unfortunate situation. ; 
Leonard S. Dreifus i 
Department of Medicin 
| Jefferson Medi C ! 





é ; , only 7 (29 n had a truly 
sis, cepi) in 17 (59 percent) of the 29 surgi- 
ents the lesion was proximal to the first septal 
onal artery. Twice as many of the medically 
ents (10 versus 5) were at low risk as a result of 
on of the left anterior descending coronary artery. 
ny retrospective nonrandomized study, 
tient selection are crucial. Why were some 
ed on and others not? A recanalized occlusion 
p ered 75 percent lesion in a small anterior 
y is much less likely to lead to surgery than 
nt irregular or ulcerated stenosis in a large 
of close similarity of lesions in the two 
i$ not presented. I do not see how the au- 
de that "operation should not be used to 
dial infarction or death from myocardial dis- 
nts with high grade stenosis of this [left an- 
| artery.” 
Robert J. Marsa, MD 
Loma Linda, California 


NT Oberman A, Russell RO, et al: Surgical versus medical treatment of 
contined to the left anterior descending coronary artery. Am J Cardiol 


ita in our study or in the natural history studies 
gest that among patients with stable angina 
oreciable differences between the behavior of 
igh- grade proximal stenosis and that of patients 


t some patients were operated on and others 
ven as clearly as possible in the text. We are 
ished data supporting the concept that pa- 
analized occlusion or a gradually tapered 75 
a small anterior descending artery are at less 
fore less likely to undergo operation than those 
cent irregular or ulcerated stenosis in a large 
fference may exist and may be important, 
'eate subsets of patients within the subset of 
or descending coronary disease and stable 
‘knowledge, sufficient numbers of patients 
roups treated medically and surgically are 
tatistical comparison. The extent of collat- 
the distal vascular bed is probably as (or 
1 determining the probability of myocardial 
th as is the severity or site of stenosis.! The 
eries, by definition, had adequate collateral 
distal vessel. 
d stable angina, and the conclusions can 
patients in this category with the observed 
odynamic. findings. ap n studies 


University of Fussell Medical ( Cente 
Birmingham, Alabama 
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MEDICAL VERSUS SURGICAL TREATMENT IN LEFT. 
ANTERIOR DESCENDING CORONARY ARTERY 
DISEASE—II 


Kouchoukos et al. found “no statistically significant differ- 
ences between the usual levels of activity required to produce 
angina or dyspnea on exertion" in their medically and surgi- 
cally treated patients. However, objectively determined ex- . 
ercise tolerance time was 50 percent higher in their medically 
treated patients (6 versus 4 minutes, p «0.01). Moreover, . 
angina pectoris was objectively found to be the limiting factor. 
during treadmill testing in only 52 percent of these medically 
treated patients with stable angina pectoris. These data raise 
the possibility that, in spite of apparently comparable ana- 
tomic disease, myocardial perfusion through collateral vessels 
or otherwise may have been better in the medical group. It is 
striking that the incidence rate of critical stenosis proximal 
to the first diagonal branch was 59 percent in the surgically 
treated group but only 29 percent in the medically treatec 
group, and that disease in other vessels, although considere 
insignificant by the authors, was present in 35 percent of the 
surgically treated and in only 12 percent of the medicall 
treated group. Is it possible that in some of these patients th 
decision to institute medical treatment was based on an. 
ercise tolerance time of 6 minutes or better on treadmill, lack 
of anginal provocation during treadmill testing, absence. of 
critical stenosis proximal to the first diagonal or absence of 
disease in other arteries? If these factors played a role in de- 
cision-making, the medically treated group would indeed be 
expected to have a better prognosis and the comparison may 
not be entirely valid. 


Virendra S. Mathur, MD 
Baylor College of Medicine 
Houston, Texas 


Although there was a statistically significant difference in ‘the 
treadmill exercise tolerance time in the medically and surgi- 
cally treated groups, angina was the limiting factor during 
treadmill testing in 52 percent of the former and in 65 perce 

of the latter, and this difference was not significant: O 
possible interpretation of these data is that myocardial. pe 
fusion through collateral vessels or otherwise may have b 
better in the medical group. E 


The incidence rate of critical stenosis proximal 





‘is possible that the long-term effects of these le- 
ld account for some of the observed differences in the 
ips. However, additional follow-up has documented 

n of disease i in other vessels in both therapeutic 


pecific reasons for deciding on medical or surgical 
py were not critically analyzed. In some patients treated 
y, the decision not to advise operation could have 
ased on adequate exercise tolerance, lack of anginal 
cation during treadmill testing, absence of critical ste- 
ses proximal to the first diagonal branch and absence of 
isease in other arteries. However, patients with similar 
indings also had bypass grafting. Furthermore, other patients 
the medically treated group did not fulfill these criteria, and 
eir subsequent course has been documented. Despite the 
nclusion of the latter patients, the prognosis for left anterior 
lescending coronary disease was found to be good and is 
pported by the natural history studies quoted. 
Nicholas T. Kouchoukos, MD, FACC 
Albert Oberman, MD 
Richard O. Russeil, Jr., MD, FACC 


HEART VOLUME AND ISCHEMIC HEART DISEASE: 
EPIDEMIOLOGIC CONSIDERATIONS 


bblin et al.,! describing the relationship of heart volume to 
chemic heart disease, stated that “mean values for heart 
lume did not differ significantly (F = 1.25; d.f. = 3), but 
lume tended to be greater in the two groups with ischemic 
art disease [‘nonfatal myocardial infarction’ and ‘fatal 
:hemic heart disease’ versus ‘other deaths’ and ‘no disease"]." 
such a tendency might more easily reach biologic or sta- 
ical significance if the following points are kept in mind: 
1. The patients with disease and control subjects (retro- 
spective investigation) were identical in age (50 years old) 
hen heart volume was measured. Pre-myocardial infarction 
chemic heart disease does result in larger heart volume.” 
owever, this is less likely to be observed in an older popu- 
ation because age itself is directly related to heart volume*+; 
at is, older persons have a larger heart. A 50 year old would 
ve a large heart regardless of the presence or absence of 
isease. The chances of noting volume differences between 
ses and control subjects would thus be reduced. 

. When observing heart volume, one should likewise ex- 
mine the influence of blood pressure on the myocardium. A 
ositive association has been demonstrated between blood 

essure and heart volume.? Furthermore, in the earlier stages 
:posure of the heart to elevated pressure, a sizable pro- 
ion of hearts react with concentric, lumen-encroaching, 
ypertrophy of the left ventricular myocardium.? 6 As a result, 
ncreased blood pressure can produce hearts both smaller 
larger than normal. The former tend to reduce the average 
art volume of patients with disease and, in turn, lead to a 
ilue more similar to that of the control population. 
t might prove worthwhile to examine the time of oc- 
ence of the ischemic heart disease during the 10 year fol- 
| with alanger d diseased heart: runs 


A their heart pore measures), stemmin 
drawn in 1963, representative ol all p 


found in the total population of Góteborg 
year follow-up period? The question of compa 
tients and control subjects (the latter, for 
larger, randomly chosen normal group) ari 
We believe that heart volume differences 
mated when such items are not considered 
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Clinical ischemic heart disease is often. asso 
creased heart volume. Thus, patients who 
myocardial infarction generally have a big 
termined radiographically, than normal but he 
normal limits was found in about 30 perce: 
patients aged 27 to 67 years with a first infar 
heart volume is a risk factor for death after a fi 
In patients with angina pectoris the heart s 
roentgenogram may be normal or increased 
men aged 50 years who had angina pectoris 
questionnaire in 1963 the heart volume was 4: 
body surface area as compared with 392 + 60.n 
of the sample (no. = 829). These findings can b 
well known pathophysiologic mechanisms. 
Our study was a prospective study of a ge 
sample of men aged 50 years, and 88 perce 
participated. Thus, it was not a case-control 
can be no serious question as to its represen 
sidering this high participation rate. We do 
prospective study was started in too old a pop 
of the men randomly selected for this study 
emic heart disease between the ages of 37 an 
our subjects were young enough to enable s 
sons who were going to have clinical ischemi 
One important aim of the study was t 
would predict clinical ischemic heart. di 
those factors mentioned in our paper, w 
including various data from a maximal 


all available informs 





i mination of h on dolan: with a tech 
en in Sweden than in other countries. Our 
cannot be compared with those of the Framing- 
jan study i in which electrocardiographic signs of left 
pertrophy were analyzed. 

hat there was a trend toward a larger heart in 
ater developing clinical ischemic heart disease 
te that the state of the myocardium is of impor- 

s clinical course. However, not only increased 
but also heavy physical exertion tend to in- 

' of the heart, making interpretation of the 

lightly larger heart difficult. 

analyzed heart volume in relation to myocardial 
shorter follow-up, but this was of no greater 


Gösta Tibblin 

Department of Social Medicine 
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Umeå, Sweden 
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Lars Werkö 

Medical Department | 
Sahlgren's Hospital 
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‘ibblin et al. leaves much unanswered. First, 
ase-control (or retrospective) analysis. Al- 
ginal design in 1963 utilized prospective 
ata now being compared were acquired in the 


garding the possible lack of a representative 
stems from the application of these two ap- 
iminating patients with myocardial infarction 
beginning of the study (a necessary condition 
igations of myocardial infarction) patients 
but not control subjects) are inadvertently 
m the retrospective analysis. Furthermore, 118 
original cohort refused to participate. These 
persons (on the basis of data on sickness 
might have been more likely to suffer from 
sease » and, in “high ra id to have a 


What seis ar is pup source and baáis tor this étatémen 
addition, were similar multivariate results also found re 
garding other conditions of ischemic heart disease (that i de, ; 
angina and electrocardiographic findings)? | m 
The population studied in the original sample was of age 
50. It is difficult to view them otherwise, and thus our original E 
comment appears to hold. | 
Lastly, we are uncertain about the effect of follow- “up « on 
heart volume differences in the groups studied. 


F. N. Groustra, MD po 74 
B. Herman, MSc, MPH, DSc 


DIAGNOSIS OF LEFT ANTERIOR HEMIBLOCK 


Yano et al.! use left axis deviation of —45? or greater as their E 
basic criterion for left anterior hemiblock. Cases with an axis 
of ~30° to —44? they call left axis deviation. Yet both situa- 
tions constitute left axis deviation, regardless of whether one. 
is more important or more marked than the other. A most 
important error is their diagnosis of left anterior hemibloc! 3 
using the sole criterion of axis deviation so that a single degree 
of axis can alter the diagnosis. Rosenbaum et al.2 originally. 
wrote in regard to left anterior hemiblock that the decisio? 
to set the inferior AQRS limit at —45° was an arbitrary choic ó 
Yano et al. ignore the electrocardiographic criteria sug 
gested by Medrano et al.? These include a delay in the time | 
of inscription of the intrinsicoid deflection in lead aVL, usually . 
greater than 0.045 second. Wet have recently correlated the: 
axis criteria with signs of intraventricular conduction dela: 
and concluded that left axis deviation can not be considerec 
synonymous with left anterior hemiblock and that in som 
cases with minor degrees of left axis deviation left anteri 
hemiblock may be present. Furthermore, when associated 
with an inferior infarction, left anterior hemiblock i is extremely: 
difficult to diagnose with a single electrocardiogram.5 It is 
impossible to accept the diagnosis of left anterior hemiblock . 
in this situation merely because the QRS axis is —45? and not- 
—44?. If the tracings of Yano et al. are amplified and the i 
trinsicoid deflection in lead aVL is measured it will be noticec 
that in their Figure 2 with a QRS axis of —30? the intrinsico 
deflection is normal; in Figure 3 with left axis deviation at 
—60°, it is frankly delayed (0.055 second), meeting both cr 
teria for hemiblock. But in Figure 4, labeled left anterio 
hemiblock with inferior myocardial infarction, the intrinsicoid 
deflection in lead aVL is normal. Thus, hemiblock is Proba. 
not present. x 
Simón Horwitz, MD 
instituto Nacional de Cardiologia 
Mexico D.F. 
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: de im ive em Now F lar 
pose of our study was ^ 


ticular definition, but to see whether the 

and. epide miologic evidence would, in general, support 

paration of persons with left axis deviation into mod- 

nd extreme (left anterior hemiblock) groups. An arbi- 

alue of —45? was employed as the dividing line simply 

use it has been the most commonly used criterion for left 
rior hemiblock since Rosenbaum's postulation. 


many other electrocardiographic abnormalities, arbitrary 
for intervals, duration ór amplitudes are used as diag- 
c criteria. Misclassification of borderline cases is a 
oblan with all such criteria, but such values are still broadly 
seful. Categorization according to delay in onset of the in- 
insicoid deflection, as suggested by Horwitz, also depends 
on an arbitrary criterion. Why 45 and not 44 msec? Such delay 
may well turn out to be a useful criterion for left anterior 
miblock, but it now rests on extrapolation of experimental 
data from the dog heart. Its general acceptance as a necessary 
iterion for left anterior hemiblock in man would require 
ther verification by histopathologic studies. 


Katsuhiko Yano, MD 
George G. Rhoads, MD 
Abraham Kagan, MD 
Honolulu Heart Study 
Honolulu, Hawaii 


A MISPLACED PEARL? 


In the article by Tempo et al.,* I came across the statement, 
* |... women with mild mitral regurgitation having been said 
to be ‘short, thin and flat-chested’,” citing Reference 16. I 
referred to Reference 16 and found it to be Gastroenterology 
by H. L. Bockus. Although Bockus's textbook is a classic, I 
und it hard to believe that he would be describing the 
muscular-skeletal appearance of ladies with mitral regurgi- 
ion. In fact, pages 238 and 241 of his textbook do discuss 
hat Bockus knows best—gastroenterology and, in particular, 
hiatus hernia. I would still appreciate the reference to this 
assic pearl that women with mild mitral regurgitation are 
short, thin and flat-chested.” 
Michael L. Hess, MD 
Departments of Physiology and Medicine 
Medical College of Virginia 
Richmond, Virginia 


eference 


i Bon Tempo CP, Ronan JA Jr, de Leon AC Jr, et al: Radiographic appearance of the 
- thorax in systolic click-late systolic murmur syndrome. Am J Cardiol 38:27-34, 1976 


e , quoted pearl, inadvertently attributed to Reference 16, 
juld have been attributed to Reference 17 (Leighton RF, 
WL, ‘Goodwin RS, et al: Mild mitral regurgitation. Its 
zation | by intracardiac phonocardiography and 
'espor led 41:168-182, 1966). In our 
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and iunt um of variant angina 
coronary bypass surgery for it, may have 
a mixed group of patients, not all of whom. ; 
variant angina. | 

It is not rare to encounter in the coronary c 
whose exertional angina has abruptly increa 
velopment of repeated episodes of angina a 
with S-T segment elevatign. Most of these: 
vere stenosis (greater than 90 percent of : 
structed) of at least one major coronary arti 
loosely included in a category of “preinfarcti 
many will subsequently have a myocardial 
extreme severity of the stenosis seen in th 
probably sufficient to explain the intermit 
of a totally fixed coronary blood flow in the fa 
increases in myocardial oxygen demand 
cally even at rest. Although it is possible tha: 
plays a role in the attacks, one does not neei 
mechanism to explain events in these patie 
experience also obtain excellent results from 
surgery. As many as 7 of the 20 patients pr 
brooks et al. (particularly those whose angi 
exertional angina) may have belonged in thi 
than in that of variant angina. The cessatio 
of 10 patients during intraaortic balloon pum 
with this possibility; that form of treatmen 
as likely to prevent episodic coronary spas! 
mechanism for attacks of variant angina 
good evidence that it is effective in relie 
ischemia due to severe fixed coronary obstr 

One wishes that the authors had describe 
coronary obstruction more specifically th: 
than 70 percent fixed obstruction.” There is 
dicate that obstructions of greater than 85; 
minal diameter of a coronary artery are ust 
fore a decrease in resting coronary blood flos 
nary obstruction of greater than 70 percent bi 
percent in the patients having neither sympto1 
electrocardiographic signs of ischemia with 
not rare. Therefore, patients with stenosis 
have angina at rest with S-T segment eleva 
with marked changes in blood pressure or he 
to have an unusual pathophysiologic basi 
and many patients with variant angina prese 
cannot tell how many of the patients of Shub 
into this category of patients who, in my ex 
of others,*4 are less likely to be cured of rest 
nary bypass surgery than suggested by the 
brooks et al. 

Patients such as those described by Shub 
often difficult to categorize as having eitl 
"preinfarction" angina especially when they a 
to a coronary care unit. There are therapeu 
reasons for attempting such a differentiatio 
the patient is having angina at rest with S-T se 
in the face of coronary stenoses s that a : 


for such symptoms, ‘be 





ronary spasm, 
‘pass grafting. —  — 
d for the excellent 


ey report in their surgically treated 
symptoms can sometimes be relieved by 
ven when the grafts are occluded, reports 


-also include the results of postoperative 


diographic stress testing. It is interesting that the 
nts in this series with high grade coronary ste- 
treated medically also obtained excellent 
: Rex N. MacAlpin, MD 
Department of Medicine 
School of Medicine 
University of California, Los Angeles 
Los Angeles, California 


è JM, Hutter AM, et al: Variant angina pectoris: clinical and anatomic 
ts of coronary bypass surgery. Am J Cardiol 36:142-147, 1975 
> K, Calvert C: Compensatory changes of the distal coronary vascular 
&ssive coronary constriction. Circulation 15:1085- 1094, 1975 
us, AA, Alvaro AB: Angina pectoris at rest with preservation of ex- 
zmetal’s variant angina. Circulation 47:946-958, 1973 
soda S, et al: Prinzmetal's variant form of angina pectoris. Circu- 


^ VARIANT ANGINA—II 


et al. state that all but one of their patients “had 
table angina for 1 hour to 1 month, leading to 
on for increasing frequency and duration of severe 
12 of their patients “had angina on exertion 
ng rest; in 7, the pain began with exertion only 
d to pain during rest." 
ption does not fulfill the criteria for variant 
5; these patients fit the category of unstable or 
gina pectoris; probably the only cases of this 
uine Prinzmetal's angina are patients 18, 19 and 
ients had pain only during rest, had normal 
ries as shown by angiography and were not 
urgical treatment. 
ling differences regarding clinical progress, 


dings and surgical results between their group 
| those of other series, confirm that their group 
gorized as having variant angina. 
i Moisés Gorodezky, MD, FACC 
Instituto Nacional de Cardiologia 
Mexico D.F. 


"e r R, Merliss R, et al: Angina pectoris. |, A variant form of angina 
eport. Am J Med 27:375-388, 1959 


icription of variant angina by Prinzmetal et 
escription only. Although *hypertonus" 

ry was suggested as a possible etiologic 
ieir original two patients did indeed have 


| Surg 


ery | 
We believe that the nia 
avoided since it obviously is a retr 
subscribe to the term "unstable angi : 
most centers. All of our patients presented with unstable an 
gina, and the electrocardiographic phenomenon of elevate: 
S-T segments with pain and subsequent return to baseline. 
after pain did not differentiate between patients with high. 
grade fixed stenotic lesions and those with minimal or no. 
disease (some of whom can be shown to have spasm). The only. 
clinical clue was the additional presence of exertional angina 
or a positive exercise test in those patients with fixed stenosis, — 
whereas the three patients (and four more subsequently) with.. 
“normal coronary arteries” had pain at rest only. Nevertheless 
the physician whose patient has unstable angina at rest anc 
S-T segment elevation does not have the hindsight advantage © 
of knowing the subsequent outcome. Thus, it would seem less 
important to differentiate “variant” from “preinfarction” . 
angina than to identify patients with and without severe fixed - 
coronary lesions, for therein lies the basis for the important 
therapeutic decisions. The published studies to date agree that 
patients with variant angina but with angiographically in- 
visible or insignificant coronary artery disease are not bene- 
fited by surgery, probably because of rather diffuse spasm. 
Indeed, MacAlpin et al. (his Ref 3) attest to the difficulties in 
operating on patients with “spasm.” However, they also 
suggest that even patients with severe fixed lesions will do 
poorly after coronary bypass surgery. Our experience indicates 
that this is not the case. In fact, the excellent clinical results” 
in those patients with fixed lesions who had coronary bypass- 
surgery suggest that we cannot “presume the mechanism for 
attacks of variant angina.” eS 
All of our patients with obstructive lesions had at least one 
lesion resulting in 85 percent or more luminal narrowing. The 
designation of greater than 70 percent obstruction was used 
only to indicate stenosis generally considered to be hemody 
namically significant. We agree that patients with lesser d 
grees of stenosis associated with pain at rest, rather than on 
exertion, without marked changes in blood pressure or heart | 
rate may be more likely to have spasm as a precipitating factor 
of ischemia and would thus be less likely to benefit from sur 
gery. However, even with lesions of greater than 85 percent. 
narrowing, which are probably associated with decreases in 
resting coronary flow, the cause of episodic ischemic attack 
is unclear although, as suggested, these attacks could ber 
lated to small increases in myocardial oxygen demand oc. 
curring episodically at rest. a 
Too few of our patients were treated medically to perm 
comparison of results of medical and surgical therapy. We 
wished to indicate that surgery can be successfully accom- 
plished with good results for the majority of those patients 
presenting with Prinzmetal's angina who have severe fixed 
obstructive lesions and that angiography is essential in idei 
tifying patients from the group without highly stenotic lesions 
presenting with the same clinical findings. ; 
Samuel J. Shubrooks, MD. 
Adolph M. Hutter, Jr., MD, FAC 
Peter C. Block, MD ` x. E 
.. Mortimer J. Buckley, MD, FAC 





: presumably al "were PRENER NS, Tt 

e of interest to know if the five women with positive 

stress test and angiographic coronary artery disease were pre- 

postmenopausal. Also, what was the age distribution of the 

omen with a positive stress test and negative angiographic 

dings? Finally, were any of these women receiving substi- 
tute estrogen therapy? 


M. Raza, MD, FRCP, FACC 
The Johns Hopkins Hospital 
Baltimore, Maryland 
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fortunately, the menstrual history of many of the women 
we studied is unknown since our study was retrospective. 
owever, it is known that one (20 percent) of the five women 
ith true positive exercise tests was premenopausal and that 
the other four were postmenopausal and not receiving estro- 
gen. In contrast, 5 (50 percent) of the 10 women with false 
positive exercise test results were either premenopausal (2 
women) or taking estrogens (3 women). The other five women 
were postmenopausal and not receiving estrogen. These facts 
do not necessarily explain the high incidence rate of false 
positive exercise tests in women. If one postulates that false 
positive exercise tests are caused by estrogen therapy, three 
of the women with false positive results would have, in fact, 
had true negative tests had they not been taking estrogen. 
nce, only seven women would have had false positive ex- 
‘cise results, and the incidence of false positive results would 
ave been 58 percent which is still significantly higher than 
at found in men (8 percent). 
: ^ The mean age of these women with true positive exercise 
test results was 53 years + 5.1 which was not significantly 
ifferent from those with false positive exercise tests (51 years 
7.3). However, analysis of the women in two distinct age 
groups i is of interest. There were 27 women younger than 50 
years (Group A) and 29 women 50 years of age or older (Group 
B). Twenty-two percent (6 of 27) of group A and 31 percent 
of 29) of group B had positive exercise test results. The 
tribution of the positive and negative exercise tests is shown 
Table I. 
The incidence of positive and negative exercise test results 
not significantly different between groups. In women 50 
of age or older the incidence of false positive exercise 
s not significantly different from that found in the total 
ulation of women we studied (67 percent) and is consid- 
ly greater than in men (8 percent). Below the age of 50 
is thé XDei ence rate of false positive exercise tests is ex- 


True positive (799) 
False positive 5 (8396) 
True negative | (90%) 
False negative | (10%) 


to be still lower since two women with fal Ise 
group A were taking estrogens. E 

Although the preceding discussion is. ofh in er 
of women is too small to draw valid concl 
the cause of the high incidence rate of fal 
women, especially those under age 50 year 
possible, however, with the hope that it will 
investigation. 


SEX DIFFERENCES IN STRESS TESTI 
The substantial differences Sketch et al. for 
and women in the results of multistage sub: 
stress tests are due primarily to the much lar 
of abnormal patients among the men than 
in their test population and the effect this h 
they used to express their results. 

They reported that 55 (89 percent) of 62n m 
stress test had 75 percent or greater narrowi 
coronary arteries. In other words, if one defin 
coronary artery disease as 75 percent or greate 
conditional probability of significant coron 
being present given a positive stress test, de 
was about 0.89 for men. Of 15 women with : 
test, only 5 (33 percent) had 75 percent or g 


. of one or more coronary arteries. In o 


p(DHT+) for women was about 0.33. F 
probability of a patient with a negative s 
significant coronary artery disease was also 
women than among men. Forty-nine (37. pel 
with a negative stress test had 75 percent or | 
of one or more coronary arteries. In other wor 
tional probability of significant coronary arte 
a negative stress test, denoted p(D-H'T—), w. 
Five (12 percent) of 41 women with a negati 
15 percent or greater narrowing of one or mo 
teries. In other words, the p(D+{T—) for wom 
The large differences between men an 
p(D+|T+) and p(D-H'T—) occurred primar 
higher porportion of men than women int 
had significant coronary artery disease (53 
The p(D+|T+) and p(D+|T—) are extremely 
proportions of normal and pei P 





dions of normal and WU aana darad 


population being tested. 


| ud poH T- ). ? Note that 


2 no. of normal patients with positive tests 
- total number of normal patients 


D iü the "true positive ratio," or "sensitivity" of 
the p(T+|D—)} is the “false positive ratio.’ 
it to the p(D+/T+) and the p(D+{T—), the 
and the p(T+|D—) are independent of the pro- 
ormal and abnormal subjects in the tested pop- 
> determine these latter variables for the series 
al., we find that there is in fact no significant 
the true positive ratios for men and women and 
ifference in the false positive ratios. There were 
th 75 percent or greater narrowing of one or more 
ries. Of these, 55 (53 percent) had an abnormal 
a true positive ratio of 0.53. There were 10 women 
cent or greater narrowing of one or more coronary 
50 percent) had an abnormal stress test, a true 
.50. Thus, there is no significant difference 
hd women in the conditional probability of an 
ess test, given 75 percent or greater narrowing 
coronary arteries (P = 0.97). There were 91 men 
percent or greater narrowing of any coronary ar- 
2, seven (8 percent) had a positive stress test, a 
'e ratio of 0.08. There were 46 women without 75 
eater narrowing of any coronary artery. Of these, 
had a positive stress test, a false positive ratio 
ifference in the probabilities of a normal man 
al woman having a positive stress test was small 
lly significant (P = 0.054). 
y; an analysis of the data of Sketch et al. indicates 
nosignificant difference between the probabilities 
e stress tests for men and women with significant 
ery disease, and only a small difference in the 
of false positive stress tests. It would therefore 
re to conclude that the physiologic responses 
'omen to stress are different. 


David A. Turner, MD 

Department of Nuclear Medicine 

Rush-Presbyterian-St. Luke's 
Medical Center 

Chicago, Illinois 


gral Detection Theory and Psychophysics. Huntington, NY, Robert 


E E ! E, Adelstein $J: Primer on certain elements of medical decision 
Med 293: 211-215, 1975 


‚of our data appears to show only a small but 
ificant difference in the probability of false 
ts (as he defines them) between men and 
e question the validity or applicability of 


tive” results: iind ris "Turner. | 
no. of normal patients with positive. tes 


P(T-HD-) = 
SMS total no. of normal patients - 


In the clinical situation, one is interested in knowing th 
probability that a “positive” exercise test is not (or is). asso- 
ciated with significant coronary artery disease (that is, is 
falsely [or truly] positive") without knowledge of coronar 
arteriographic studies. Turner's formula does not provide this 
information. It gives the probability that a patient known to 
be normal has of having an abnormal exercise test. It pre- 
sumes that the physician has prior knowledge of the absenc 
of disease in his patient. We believe a more appropriate for : 
mula is: 


Incidence of false positive tests (07 
. no. of patients with false positive tests > 
total no. of patients with positive tests ' 


It should be noted that this rationale is applicable to both false - 
"positive" and false “negative” probabilities. P3 
Third, as pointed out by McNeil et al., who are quoted by DE 
Turner, Baye' s theorum permits one to formulate probability 
statements as to the presence or absence of disease in a patient. 
who has an abnormal (positive) or normal (negative) diag 
nostic test. The application of this theorum to our data reveals 
that the probability that a positive exercise test will be asso- 
ciated with significant coronary artery disease is 0.92 in men — 


and 0.33 in women (an almost threefold difference). Similarly, > 


the probability that a negative exercise test is associated with E 
significant coronary artery disease is 0.36 in men and 0.11 in. 
women (likewise, a threefold difference). Hence, our dat 
support the postulates that (1) despite its low sensitivity, . 
positive exercise test is useful in confirming the presence o 
disease in men but is of little value in women, (2) a negative 
exercise test is useful in ruling out the presence of significant . . 


coronary artery disease in women but not in men, and (3) | 


previously published work?-9 suggesting an important dif- 1 
ference in the response of men and women to exercise is cor- 
rect. Further, since completing our study, we have evaluated 


related to stress testing results, but incidentally also evaluated. 
the incidence of false negative and false positive test results 
in both men and women. The incidence rates in this second. 
group were remarkably similar to those reported in our article: : 
Finally, despite the difference in the incidence of coronary: 
artery disease in men and women both in the United States. 
and in our study population, it is necessary to assess whether 
the sex differences we found are statistically significant. To. 
achieve this we used the preceding formula and chi square 
analysis with Yates correction. The results are reported in 
Table III of our article. Most will agree that P «0.001 repre 
sents a highly significant statistical difference and that th 
chi square method is designed to permit analysis of popula 
tions of different size and distribution. Hence, the differenc 
we reported between men and women appear to be rea 
require an explanation other than that suggested. by ui 


a tery disease i is sig- TE jAeWMnOWMeOQnem — 
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ace (Blackburn H, ed). Spr , ili, Charles C Thomas, 1969, p 363-387 
obit work nship to age, sex and other factors. Circ 
CG: Use of exercise testing for diagnostic and functional evaluation of patients 
osclerotic heart disease: Circulation 44: 1120-1133, 1971. 


Dutresne C, Kich L, et al: Exercise electrocardiogram patterns in normal 


Br Heart J.35:1055- 1061, 1973 


ias been suggested to us in another letter (whose author 
es to remain anonymous) that the incidence of false 
ative tests might have been lower had we evaluated elec- 
ardiograms recorded during exercise. The following is 
rtinent: Electrocardiographic tracings were recorded during 
ercise but their technical quality did not permit accurate 
lysis of the S-T segment of 1 to2 mm of S- T segment de- 
A technique has now been developed that produces 


| quality 12 lead electrocardiographic recordings, even 


nent changes recorded during exercise will be reported by 
s shortly. Although it is possible that the incidence of false 
negative tests might be reduced if one included electrocar- 
iographic recordings made during exercise, the incidence of 


wl | en a patient is running rapidly, and the significance of S-T 


heart rate is 15 to 22 percent lower in patier 
heart disease than in normal subjects. Patien 
who had significant coronary stenosis ati 
exercise heart rate of 136 + 19 beats/min, 
lower than the mean maximal predicte 
group (171 beats/min) had the patients bee 
be concluded therefore that our patients 
coronary artery disease, whether they had tr 
exercise test results were, in fact, near max 
Hence, it is doubtful if “maximal” stress testi 
decreased the incidence of false negative 
though it might have increased the numb 
positive results. 
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The American College of Cardiology finds itself facing a dilemma 
created largely by its rapid growth. This growth affects both the 
membership and the programs. As a consequence, and in spite 
of the large potential manpower pool provided by 7, 000 mem- 
bers, individual human resources identified and available to the 
College for planning and for expansion of current programs and 
implementation of new programs are relatively few. 

In addition to pediatric cardiologists, cardiovascular surgeons 
and others concerned with heart disease, more than 50 percent 
of physicians who spend at least half of their professional time 
in the care of patients with cardiovascular disease and consider 
themselves adult medical cardiologists are members of the 
American College of Cardiology. This makeup and the size of 
our organization coupled with its rapid growth suggest strongly 
that the College is the major spokesman for the American car- 
diologist. Because of this leadership position it can no longer 
concern itself solely with education. To discharge its obligation 
to the membership, it must extend its current commitment in the 
legislative area, and become involved with the economics of 
cardiology. These are important arenas affecting the future of 
cardiology and the cardiologist. 

Furthermore, it is no longer sufficient or wise for the College 
to respond, even if rapidly, to issues raised by others, issues 
often initiated by persons who are well meaning but who do not 
have a clear grasp of the many variables that together constitute 
cardiology. We must be involved from the onset and have a 
significant and meaningful input during the planning stages of 
programs affecting our specialty. At this moment any major 
expansion of ongoing activities alone would strain our present 
- “working” manpower, to say nothing about a major commitment 
to the legislative and economic issues. 

Currently, some 270 persons serve on College committees. 
At first glance this number would appear sufficiently large, but 
this is not the case. The process whereby ideas and concepts 
result in plans to be implemented by the Board of Trustees and 
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officers is time-consuming and involves sizable groups of $ 
people. Furthermore, of the 270 members, many contribute to- 
the idea and planning phase but are unable to take part in "m. & 
actual implementation of the plans. 

Consequently, if we as a responsible group are to corded j 
ourselves in a major and effective way in the legislative and - 
economic areas of cardiology and at the same time maintain our — 
leadership in continuing medical education, we must identify a 
larger pool of ‘‘working’’ members. This task would appear to 
be simple for in the very act of becoming a member our 7, 000 = 
members have demonstrated a potential for active participation. 
Yet, in spite of this sizable potential pool, the process of actually 
identifying the worker" is complex and difficult. Although your 
officers make every effort to involve as many members as. 
possible, they alone cannot be expected to know all, or evena - 
majority, of those among you who would work effectively andy 
enthusiastically if asked. 

This process of identifying available workers may dépar both 
on your willingness to make yourself known and on the Gover- - 
nors. Obviously, the College could not absorb a sudden influx - 
of large numbers of “volunteers” but, as the programs of which - 
| speak develop, the College will benefit greatly by involving 
many of you. ^ 

Let me stress again that the College, because of its leadership - 
role in the cardiologic community, faces a manpower problem. - 
| believe that an orderly expansion of our program in the years - 
to come is essential if we are to remain a viable and relevant - 
group and maintain our leadership. At the same time | believe 
that if this expansion is to take place, additional human resources 
must be identified. 

It is up to each of you to come forth, to become involved and 
to support the activities of your College. 


Charles Fisch, MD, FACC v 
President, American College of Cardiology 
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By most cardiologi feel the 


enting their professional 


contact with the authors, 

ind leaders in the field. 

problems the Committee 
jea series of carefully super- 


vised programs which h are usually pi ec 
by extensive consultations with the program 


“directors recruited among the foremost spe- _ 
-cialists, educators and scientists in the field 
of clinical cardiology and allied basic 


science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


p 

retract Q'acotuly from the obsolet 

less practices. : 

must learn and relearn, listen. to ne 
share past experiences and observ 
work of his peers. The National Pre 
Committee for Continuing Medical Educatio 
of the American College of Cardiolog 
lieves that these goals can be accomplis 
by all members and nonmember professio 
als participating in our continuing educati 


programs. 


Borys Surawicz, MD, FACC, Chain 
National Program Commi 


nc faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Educa 
erican age of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. | 


jtorships in Cardiology. 
Seizer, FACC, director. 
| Medical Center, San 


ls. in the Tetons (Second 
a )—Cardiac Emergencies. 
"S, Eliot, FACC, director, 


cmi Talon National Park, 
Wyo. 


$ Thrombosis Pulmonary 
us Complex. Orville Hor- 
ACC and Frank D. Gray, di- 
j and Henry Berkowitz, H. 
Day and L. Henry Ed- 
FACC, co-directors. The 
tel of Philadelphia, Phila- 


Exercise Testing in Children and 
Young Adults. Frederick W. 
James and Samuel Kaplan, 
FACC, directors. Children's Hos- 
pital Medical Center, Cincinnati 


Cardiology for the Consultant. E. 
Grey Dimond, FACC and Don R. 
Santschi, FACC, directors. Uni- 
versity of Missouri-Kansas City 
School of Medicine, Kansas City, 
Mo. 


The Clinical Spectrum of Aduit 
Heart Disease. Jonathan Abrams, 
FACC, director and Paul T. Coch- 
ran, FACC, co-director. Basic 
Medical Sciences Building of Uni- 
versity of New Mexico Health Sci- 
ences Center, Albuquerque, N. 
Mex. 


26th ANNUAL SCIENTIFIC SESSION 


Advanced Echocardiograph 
Harvey Feigenbaum, FACC, dire 
tor. Indianapolis Hilton Hotel, In 
anapolis, ind. 


Electrocardiography: Core. € 
riculum and Self-Assessmen 
Leonard S. Dreifus, FACC, direct 
University City Holiday Inn, Phila- 
deiphia, Pa. | 


Electrocardiography: Core cu 
riculum and Self-Assessment. 

L. McHenry, FACC and Borys 
rawicz, FACC, directors. Indi 
University Medical Center, Indi 
napolis, ind. 


Electrocardiography: Core & 
riculum and Self-Assessment. A 
berto Benchimol, FACC, direct 
Safari Resort Hotel, Scottsdal 
Ariz. | 


AMERICAN COLLEGE OF CARDIOLOGY 


Philadelphia, Pennsylvania 


.* Abstracts 


February 28-March 3, 1977 


Entries must be postmarked no later than September 20, 1976 


$ . * Technical Exhibits 
Deadline for requests for space: October 15, 1976 


.* Scientific Exhibits 
| pasce for. requests for space: October 15, 1976 


Investigators’ Awards Competition | 
fa stmarked no later than November 1, 1976. | 
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Congestive Heart Failure 
Mechanisms, Evaluation and Treatment 


A Must book for your library. This comprehensive and meticulously 
organized text provides thorough and complete coverage of this common 
classification of abnormal heart function. More than 50 of the world's 
foremost authorities on the subject are contributors to this important new 
work. Contributors include: Sonnenblick, Schwartz, Wikman-Coffeit, 
Katz, Gunning, Coleman, Amsterdam, Covell, Rackley, Russell, Feild, 


Smith, Williams. 


Dean Mason, editor of the book and author or co-author of many of the 
chapters, has written over 300 original scientific papers on clinical 
cardiology and cardiovascular research. An up-to-date authoritative text 
on Congestive Heart Failure has been long awaited. Thanks to Dr. 


Mason and his colleagues, we will not have to wait much longer. 
Reserve your trial copy now and receive it right off the press. 
B Approximately 530 double-column pages with 250 
illustrations and extensive references /$35.00 





“must 
book" 


DEAN T. MASON, M.D. 
Chief—Cardiovascular Medicine 
School of Medicine 

University of California, Davis 





YORKE MEDICAL BOOKS 
666 Fifth Avenue, N.Y., N.Y. 10019 
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CONGESTIVE HEART FAILURE 


Yes, please reserve 


copies of Congestive Heart Failure. 


O | enclose payment (publisher absorbs handling charge). 
O Bill me and add $1.00 for handling charge. 
© Foreign Orders: Pre-payment required. Note: Add $2.00 for surface shipment; 


$4.00 for air shipment. 
I 
Name 
Address 
City 


.*In New York State add eie sales tax. 
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Capone, G. Lee and D.T. Mas 

Function of the Hypoxic Myocardium; ` 

Experimental and Clinical As ye cts — 

A.E. Amsterdam. © 

heri and Significance of 

ocardial lia 
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Forka S.M. Rosen and D.T. 
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Their Physiologic Basis — R.A. 
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15. Echographic Evaluation of í 
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Agents — J.F. Williams, dr 
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D.T. Mason, E.A. Amsterdam a 
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Agents in Congestive Heart Failure 
Therapy — R.R. Miller, D.O. Willie 

A.N. DeMaria, E.A. Ams m 
D.T. Mason. 
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Extracorporeal 
Balloon Pacing Catheter 


Extracorporeal 
Arterial Embolectomy 


Catheter 


Extracorporeal 
. Wedge Pressure Catheter 
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specifically to meet your nee 


< Now you can have balloon catheters that were catheter length, and allows a smaller | 
_ designed with you and your patient in mind. size to be used than is normally possil 
: Patient safety, ease of insertion, proper with other catheters. | 


manipulation and positioning, accurate Wide Range of Sizes—Extracorporeal: 
pressure reportings, flexibility and quality Balloon Catheters are offered in more sizes 


'construction—all were considered in d up o 
. designing our balloon catheters. The result: than have been previously avaliable sd 
. a new generation of catheters. So now, Conveniently Packaged——each cathet: 
-whatever your specialty, you can select an packaged individually in a sterile peel- 
.. Extracorporeal Balloon Catheter to meet your with a sterile syringe of propersize. . 
. particular requirements. 


~~ Four new Extracorporeal catheters are Stylet Pacing Catheter. Designed witl 
available: Arterial Embolectomy Catheter, flexible catheter body and removable s 
- Wedge Pressure Catheter, Berman help minimize the chance of perforation a 
-= Angiographic Catheter, and Balloon Pacing accidental repositioning after placement 
= Catheter. And these new generation catheters nine 
- provide exclusive patient advantages over 
<. other currently available catheters: 
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: mail coupon today. 


- Tapered Tip—insures that the diameter of the : 
- deflated balloon cannot exceed the diameter extraco 
of the catheter body. This allows the 
_ introducer to be properly matched to the 
„catheter, and helps reduce blood loss to 
the patient, 


 &nenial Tin Conetructi i in Europe Write: 
Special ip : onstruction—provides the Extracorporeal S.A., 253 Avenue Winston Churchill, 
. largest possible lumen along the entire B-1180 Brussels, Belgium 


Extracorporeal Medical Specialties, Inc. - 
Royal & Ross Rds - King of Prussia, Pa 19406 US A- 215.337 2400 


z Extracorporeal Medical Specialties, Inc. 
loyal and Ross Roads 
ing of Prussia, Pa. 19406 


entlemen: 


i l | j am interested in the new Extracorporeal Balloon Catheters. 
Please have your professional representative contact me. Please send 


Hospital Affiliation 








An hour's worth of paper. A week's worth of tapes. 








NOW HAS A DATABANK: 
IT DOES WHAT " 
PAPER NEVER COULD. 
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For all its advantages, 
the writer has always had 
distinct disadvantages. We 
just invented a tool that 
does everything the writer 
does without these hard- 
ships. 

We call it the Databank. 

What the Databank is, in 
fact, is a miniaturized cas- 
sette recording system that 
integrates into the M/D2. 

What it does is record the 
ECG on magnetic tape. 

But Databank does more 
than that. It also allows you 
to note the management of 
a patient verbally onto the 
tape. So you can keep a run- 
ning record of vital signs, 
drug therapy and any other 
pertinent data. 

None of which the paper 
‘strip could ever provide for. 

With Databank, you 
don’t have the bulk or the 
mess of paper. You can re- 
cord an hour’s worth of data 
on one small cassette. 

And you won't find 
yourself having to turn the 
machine on and off as 
with a writer. 

And when it’s time to 
store your records, they fit 
Neatly into a fraction of the 
space that paper takes. 

Mostimportant, since 
you've recorded the entire 
procedure instead of a frac- 


tion of it, and since you've 
been able to note all other 
important data, you can use 
Databank as a powerful 
teaching tool. To say noth- 
ing of the fact that it's a 
more viable legal docu- 
ment. 

Naturally, when you 
want a paper record you can 
have it as well. You simply 
feed Databank's signal into 
the Datascope 790 writer 
and come out with a paper 
strip. Only instead of hav- 
ing to carry a writer out to 
the patient, you can leave 
the 790 on the rescue vehi- 
cle or back at the hospital, 
and transcribe only what 
you need. 

The last advantage of the 
Databank is the most obvi- 
ous. It weighs a fraction of 
what a writer does. And it 
attaches to either the M/D2 








case or to the scope itself. 

It makes the M/D2 the 
most portable and complete 
rescue system in the world. 

We've often said that the 
M/D2 was the most flexible 
system you could possibly 
own. Today, it’s more so. 

For further information 
about our new model 770 
Databank, write Datascope 
Corp., 580 Winters Ave., 
Paramus, N.J. 07652. 


*DATASCOPE 


THE DATASCOPE 
M/D2 DATABANK 


NOw..2 WAYS 


TO Make 
orange juice 
really 
effective 
K therapy 
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NTRAINDICATIONS: Impaired renal function. 


ted Addison's Disease, dehydration, heat 


ps and hyperkalemia. 


INGS: Do not use excessively. 
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LUTION INSTRUCTIONS. 


20 meq/45 ml) 

ADVERSE REACTIONS: Potassium intoxication ( zer | 

indicated by listlessness, mental confusion, par- OO e w 
esthesia of the extremities, weakness of the legs, Powder i 


fi rol alta! 


raCcia 
depressi 
Var 


NTS SHOULD BE CAUTIONED TO ADHERE 


paralysis, fall in blood pressure, cardiac 


ng, nausea, abdominal discomfort and di- 


And supply the chloride 
most patients need with 
potassium supplementation. 


Potassium— ‘rich’ orange juice actually contains only about 
1 meq per ounce. To reach effective maintenance levels. 
your patients would have to drink 40 or more ounces of 
orange juice a day. 

But now, new orange-flavored Kay Ciel Elixir and Kay Ciel 
Powder mix tastily with your patient's morning juice; one 
tablespoon Kay Ciel Elixir or one Kay Ciel Powder packet 
supplying 20 meq of potassium and of chloride—about four 
timesthe K+ in a glass of orange juice alone. 

Repeat in the evening for a full therapeutic regimen. Or, if 
you want your patient to avoid the extra calories, new 
orange-flavored Kay Ciel Elixir and Kay Ciel Powder taste 
great in 4 ounces of water. 


Improve patient compliance by prescribing the 
KCI they need...in a way they'll like. 


New Orange- 
Flavored Kay Ciel’ 


Elixir 
potassium chloride 10% 


on, arrhythmias, arrest and heartblock. Cooper Laboratories potassium chloride 159 


may occur, Wayne, New Jersey 07470 (20 meq/packet) 
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uinton introduces a p 
solution to multi-channel EC 


Quinton’s new two-channel exercise ECG 
system is designed for the practical, clinical 
physician. It combines the advantages of multi- 








1 «channel ECG and the traditional simplicity Pushbutton lead selection Displavandrecord. 18 
- and everyday durability of Quinton design. — iianiiysinplypushing a buton: S- 4 
a i Improved system calibration. Most ECG 
systems only offer internal standardization of - 

the recorder. The Quinton calibration system = 

not only checks the recorder, it checks the e 

oscilloscope, patient cables and heart rate 5 

| meter.It assures you of. yz ^ 

A er ae | total system accuracy. 4 

even the tiniest fluctuations in wave pattern. required. Our new, Sa 


E dere patient cables eliminate the need 
' — for battery packs and reduce motion artifact 
.. to a minimum. For details, contact Quinton Ic UN C 
InStruments, Dept. E-75, 2121 Terry Avenue, OS Po 
Seattle, Washinaton 98121. asl iar Pen eee b: 





Fat chance. 


Cardiologists and Internists 
know the pattern of post-MI “good 
n enter all too well. When a car- 
diac patient starts feeling better, all 
the years of good living and bad 
habits creep back into his lifestyle. 
And his chance for an active, healthy 
future shrinks as his waistline 
expands. 

Its a problem of conditioning 
and your good counsel alone may not 
be enough to break the habits of a 
lifetime. 

But a Cardiac Treatment 
Center? can. 

A CT Center is a profes- 
sionally staffed, fully equipped unit 
which develops the new, healthy 
habits you prescribe for your patient 
and conditions your patient so those 
new habits become a permanent part 
of his daily routine. 

Cardiac Treatment Centers? 
directed by physicians, improve the 
quality of life for heart attack victims 
and post surgical patients through 
physician-prescribed exercise therapy 
monitored by advanced telemetry 
systems and supervised by Nurse- 
Therapists. 

A typical CT Center staff 
consists of one or more Nurse- 
Therapists and a secretary. The CT 
Center is supervised by a local 


Cardiac 
‘Treatment 
Centers 


physician (cardiologist or internist). 
A regional CT Center coordinator 
helps to maintain the uniformly high 
professional standards followed by 
CT Centers across the country. 

From your patients point of 
view the most important staff mem- 
bers are the Nurse-Therapists. They 
are R.N.s with at least one year CCU 
experience (or equivalent). They 
undergo a rigorous 3-week, 120-hour 
course which equips them to manage 
every aspect of the CT Center pro- 
eram — from stress testing to emer- 
gency procedures. 

They supply the attending 
physician with precise progress re- 
ports. À completely equipped, staffed 
and programmed Cardiac Treatment 
Center requires as little as 400 sq. ft., 
and it can be operational in 60 days. 

There are now more than 75 
Cardiac Treatment Centers located 
across the nation. They are recog- 
nized for reimbursement of their 
services by major health insurance 
companies, Blue Cross and govern- 
ment agencies. 

For further information, write 
to Cardiac Treatment Centers, c/o 
Rehab Hospital, 4950 Wilson Lane, 
Mechanicsburg, PA 17055. Or call 
717-697-8211 


*Formerly CPR Centers’ CPR Corp. 


...a new life for your cardiac patients. 
Division of American Sterilizer Company 








Now the complete 
flexible ultrasound system: 


. TheRT-400. 


For dynamic,two-dimensional. 
_ real-time, high-resolution imaging 
Today and tomorrow. 
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For more information, write or call: 

Grumman Health Systems 
400 Crossways Park Drive 
Woodbury, New York 11797 
(516/575-3513) 


GRUMMAN 
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E.A. Lew J. Giese C.R. Ayers 
THI S E.D. Freis A.R. Christiieb J.A. Wilber ; 
H.R. Brunner A.F. Lever J. Koch-Weser 

A.C. Guyton J.C. Hunt P. Kincaid-Smith 
BOO K? L. Tobian, Jr. F.R. Buhler F.A. Finnerty : 
- H.P. Dustan E.G. Biglieri E.D. Vaughan a 
D.R. LaBarthe | 
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| Send me, postage paid, — 1 copies of Laragh's Hyper 
tension Manual: Mechanisms, Methods and Management. 
| Price: 537 00* each. (Foreign, add $2.00 forsurface shipment; $4.00 |. 
| for air shipment) | 
lo Full payment enclosed. CJ Bill Me. Add O Intern, Resident, Student | , 
| ARAGH’S i $1.00 for handling (Special Price $35.00) | — 
HYPERTENSION | speciaty 
MANUAL T | 
Edited by John Laragh, M.D.—A pot P eri i ADDRESS | 
for understanding, diagnosing and treating 
Hypertension. Published in February, 1974, ! CO Sete ee BEME set | 
it’s already a standard reference work. i *Plus appropriate Sales Tax if in New York State | 


—970 pages, 150 illustrations— 





The Jamieson Model 54 X-Ray Film 
Processor for 35mm Cineradiography! 


Fast 
Fast 
Fast ... up to 70 feet per minute! 


Each day members of the medical profession face new exacting challenges and 
opportunities to serve those who rely on their expert skills and judgement. 

To help you meet these needs more effectively and efficiently, Jamieson Film 
Company, a leading manufacturer of film processing equipment, has designed a 
totally new processor so unique that it has antiquated present systems designed 
for 35mm cineradiography. The Model 54 allows the laboratory technician to 
process film faster than any system on the market, but still offers developing 
quality equal or superior to the most meticulous hand-processing, all done au- 
tomatically. 

Compare what you see here with other processors. We think you will find the 
Jamieson Model 54 your very best buy. 
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Call, write or clip coupon and mail today for more details! 
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Please send information on Jamieson Model 54 Processor and a list of users. 














i Name Title - 
Firm Phone 
JAMIESON FILM COMPANY [in ov f: 
— ÉD PEUCETTEEM sa 1 [zip ————. JAMIESON FILM COMPANY i 
PHONc: 214-350-1283 * TELEX: 73-0932 M Asc-7 6911 Forest Park Rd. Dallas, TX 75235 |l 
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GE 


VASCULAR ROOM 
WITH LAD SYSTEM 
and interchangeable tops 





With the LAD system, you can perform all angiographic 
procedures in one room — even get the axial projection 
of the Left Anterior Descending coronary artery. — 


GE's new LAD system gives you dedicated results Positioning ease — Tube and intensifier angulation PENE 


IN dris 
1244.7 oh S» 
AUS a e CAP EUG 


E without the need for a separate dedicated system. are automatically synchronized. Just pull the 3 
"a The unique design features an angulating tube and intensifier forward and it automatically angulates to pA 
intensifier with detachable linkage, combined with a the desired projection. Film changers remain in B. 

rotating patient cradle. As a result, LAD performs all position for cine and large film recording. No ‘se 
standard vascular procedures plus dedicated undesirable repositioning of equipment or patient oe 
coronary arteriography. You get the uncompromised Easy patient accessibility in case of emergency. ==> 

image quality of the Fluoricon9 300, with cine and/or jl x a E 

105 mm recording. And cradle top design minimizes Operator safety — Minimized radiation, with primary E 
filtration, enhancing film clarity beam shielded by lead-lined table base. HN 
Versatility — One room handles all procedures, Find out how the LAD system can give your GE TS 

: ; ; ; ; vascular procedures room total angiographic Sr 
including visceral, peripheral, cardiological and capability at minimum cost. Takto NO ag 
neurological exams. LAD even allows biplane oblique ae ror centation y Eo 
ventriculography, not possible with a U-arm. p : A 
Economy — Minimum investment, maximum rint FEE ue et | E. 

: capability. LAD can be installed at a fraction of the | ag 
a cost of a cumbersome U-arm. LAD attaches to ae 
| conventional vascular equipment, minimizing LAD system gives you SET 
space needs. | | Hr. 

ity — Minimal overhang of LAD Soon avoids a lot of room. | a x 4 

the “tuning fork” shake of U-arms. LAD retains the | | Re aes Vire c 

fign ofa classical vascular Westm c í GE NE RAL e ELE C T RI C Vo NE T4 
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A hard-to-ignore reason most cardiologists 
insist on Honeywell strip chart recorders: 


MAXIMUM DIAGNOSTIC. 
INFORMATION 





a Honeywell maximum 
information strip chart 
recorder in your next 
echocardiography system. 
And if your choice of 
ultrasound scanner 
manufacturer won't supply 
Our recorder, just give 

us a call. We'll provide 

you with direct sales 


It's that simple. 
Honeywell recorders 
produce echocardiograms 
that yield maximum 
diagnostic value. And 
because our records 

. provide unequaled 
resolution and gray scale 
discrimination, it has 
become the standard 
diagnostic media for assistance and a 
cardiologists. In fact, T" AS. | demonstration to support 
our record is so good our claims. 
that most cardiologists learn echocardiogram 
interpretation and diagnosis from our record. 


And it's so popular that the majority of ultra- information on our products, call or write 


sound scanner manufacturers include our Bob Shipman, Honeywell Test Instruments 


recorder in their echocardiography systems. Division, P.O. Box 5227, Denver, Colorado 80217 
Be sure you'll be getting the best. Specify 303/771- 4700 : , ' 


Honevwell 





For a list of ultrasound manufacturers that supply 
Honeywell recorders and for more detailed 
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Production Manager: Marty Schlessel 
Telephone: 212-489-5763 

Reprints Manager: Herbert V. Paureiss, Jr. 
Telephone: 212-489-4683 

Marketing Director: Joseph L. Navitsky 
Telephone: 212-489-5754 

Advertising Sales Manager: Robert C. Weidner 
Telephone: 212-489-5756 


ADVERTISING 
REPRESENTATIVES 


NEW YORK 
Robert C. Weidner, 
—212-489-5756 
666 Fifth Avenue 
New York. N. Y. 10019 
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Wyman Carey 
—312-648-5882 

222 South Riverside Plaza 
Chicago, IIl. 60606 
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Dick Eldredge 
—214-270-6461 

1580 Eastgate Drive, Suite 315 
Garland, Texas 75041 


ATLANTA 


Robert H. Powell, Jr., 
—404-633-8296 
P.O. Box 49087 
Atlanta, Ga. 30359 


LOS ANGELES 
Jerry |. Starkman 
—213-386-1852 
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—415-981-2594 
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he Remler- ESEN Ambulatory Blood Pressure Rec | 

s been in use for more thanten years by leading physician 

search institutions throughout the world. z 

— Now, by miniaturizing circuits and components, we have | JI 

duced a smaller and easier to wear single-unit version that wel 

ynly 25 ounces. 

This new ‘Model M-2000 records blood pressures ‘during 
wearer’s working or leisure day. Wearing this unobtrusive, ligl 

-= weight device on a belt, any patient can easily record blooc 

pressure data onto the micro-cassette as many as fifty times 
daily. This method eliminates the pressor effect of an obse ver’ 

sence. Mes 


The Remler system iS ‘especially useful in determining the 
acy of medication in the treatment of DR e Ge ; 


Since 1918 - — Precision in. Elacitomes: 


280 Visitacion Mall > , Brisbane, es 94005 USA v uma 468-0487 
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: A new development ^ tablet design | 
Announcing to permit more accurate dosage titration 


ISORDIL TITRADOSE ises 


(isosorbide dinitrate) 


Lasier-splitting tablets for your 
angina patients 


















1. for the physician: precise dosage titration 
2. for the patient: easier compliance 
with your dosage adjustments 


TTITRADOSE® (E.Z. SPLIT®) Oral Tablets, U.S. Pat. Nos. D224591 and 3883647 








Tor 


- from the leader in antianginal therapy 
- ISORDILTITRADOSE ORAL TABLETS — t Reactions: Cutaneous vasoditation with flushing, Headache is 


En 7 SN and weakness as well as other signs of cerebral ischemia associated with 

M (isosor bide dinitrate) postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 









* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 
“Possibly” effective: When taken by the oral route, Isordil is indicated 
for the' relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 
. |Final classification of the less-than-effective indications requires further 
| investigation. 









Consult direction círcular before prescribing. 






RP. May we send you reprints, detailed information and/ or professional samples? 
-.. Contraindication: Idiosyncrasy to this drug. 


_ Warnings: Data supporting the use of nitrites during the early days of the i 
. . acute phase of myocardial infarction (the period during which clinical and IVES LABORATORIES ING. 
. laboratory findings are unstable) are insufficient to establish safety. Paw Yorks tian Yorn: 10017 | 


_ Precautions: Tolerance to this drug and cross-tolerance to other nitrites | DEDICATED TO | IPROVII 4 it QU Lity FLIFE ' 
“and nitrates mavoceur mis. oss dO erance to other nitrites DEDICATED TO IMPROVING THE QUALITY OF LIFE™ ' 
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MONITORING. 
UNCOMPLICATED. 


DATASCOPE 
TYPE P2 


PRESSURE MODULE 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 


job of passing the catheter. 


Ours is the only monitor made 
that has an electronic cursor, a 


un movable reference trace. 


It*makes reading the pressure 
changes much easier, much 


AWARUA 


TYPE L Sagart PATA ALARM 


| ETE 


DANGER--POSSIBLE EXPLOSION HAZARD IF USED IN. hoo 
THE PRESENCE OF FLAMMABLE ANESTHETICS 


faster, much more accurate. 

And once the catheter has 
been passed, we've simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 


If you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
It's extremely light, and com- 
pact. It easily fits at bedside. 
And it's portable. You can 
move it where you need it, 


when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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t It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 


DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!-2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 


DIUCARDIN provides a good beginning for many hypertensive 
patients. DIUCARDIN 50 mg. Tablets. For mild to moderate 


e m Mi: adjunctive therapy for many Ayerst. 
controlled early on 


Diucardin 
(hydroflumethiazide) 


diuretic/antihypertensive 
r^ 


TABLETS 


K 


(See prescribing information on next page.) 
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For the"healthy" hypertensive, 
early control with 


Diucardin: 
(hydroflumethiazide) 


a diuretic-antihypertensive agent 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximately equal in their diuretic potency. 


The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 


INDICATIONS: DIUCARDIN is indicated as adjunctive therapy in 
edema associated with congestive heart failure, hepatic cirrhosis and 
corticosteroid and estrogen therapy. 


DIUCARDIN has also been found useful in edema due to various forms 
of renal dysfunction as: nephrotic syndrome; acute glomerulone- 
phritis; and chronic renal failure. 


Diuretics are indicated in the management of hypertension either as 
the sole therapeutic agent or to enhance the effect of other 
antihypertensive drugs in the more severe forms of hypertension. 


CONTRAINDICATIONS: Anuria, oliguria. 

Hypersensitivity to DIUCARDIN or other sulfonamide derivatives. 
The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly haz- 
ardous. 


WARNINGS; Use with caution in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug 
may occur in patients with impaired renal function. 


Use with caution in patients with impaired hepatic function or 
progressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 


Use with caution when hydroflumethiazide is administered in 
conjunction with other antihypertensive agents. Lowering of dosage 
of these agents is usually indicated. Thiazides potentiate ganglionic 
or peripheral adrenergic blocking drugs. 


Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 


The possibility of exacerbation or activation of systemic lupus 
erythematosus has been reported. 


Usage in Pregnancy and During Lactation: Thiazides cross the 
placental barrier and also appear in breast milk. Consequently, they 
may cause fetal or neonatal hyperbilirubinemia, thrombocytopenia, 
altered carbohydrate metabolism and other adverse reactions. 
Therefore, the potential benefits of thiazide administration in women 
of childbearing age must be weighed against the possible hazards to the 
fetus or child. 


PRECAUTIONS: Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, i.e. hypokalemia, hypona- 
tremia, and hypochloremic alkalosis. All patients taking thiazides 
should be observed for signs and symptoms of electrolyte or fluid 
imbalance, namely dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, 
hypotension, oliguria, tachycardia, and gastrointestinal disturbances 
such as nausea and vomiting. Serum and urine electrolyte 
determinations are particularly important if the patient is vomiting 
excessively or receiving parenteral fluids. 

If hypokalemia should develop, dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 
lesions have been reported following the administration of enteric 

- coated, concentrated preparations of potassium salts, 
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Dilutional hyponatremia may occur in edematous patients during hot 
weather. Water restriction rather than administration of salt is 
appropriate except in rare cases when hyponatremia is life-threaten- 
ing. In actual salt depletion, appropriate replacement should be 
given. 


Hypochloremiais generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 


The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant 
administration of medications such as digitalis, ACTH, and cortico- 
steroids, 


Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 


If a progressive increase in serum nitrogen occurs, a careful appraisal 
of the patient's condition should be made to determine whether 
diuretic therapy should be continued. 


Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body 
potassium may necessitate lowering digitalis dosage. 


Plasma uric acid levels may be increased and could, in susceptible 
patients, precipitate an attack of gout. 


Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage 
adjustment of antidiabetic agents is frequently indicated. 


Thiazides may decrease serum PBI without signs of thyroid distur- 
bance. 


Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and to enhance the effects of curare and its 
derivatives. Caution should be exercised in administering general 
anesthesia or curare derivatives to patients taking thiazides. 


The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irrita- 
tion, nausea, vomiting, cramping, diarrhea, constipation, acute pan- 
creatitis. 


Central Nervous System: dizziness, vertigo, headache, paresthesias, 
xanthopsia, restlessness. 


Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplas- 
tic anemia. 

Allergic: purpura, photosensitivity, rash, urticaria, necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may be aggravated by 
alcohol, barbiturates, or narcotics). 


Musculoskeletal: muscle cramps, weakness. 


Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DiUCARDIN (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 


HOW SUPPLIED: DiUCARDIN —No. 702—Each scored tablet 
contains 50 mg. hydroflumethiazide, in bottles of 100 and 1000. 


References: L A.M.A. Drug Evaluations, ed. 2, Acton, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg, CR.: 
Hydroflumethiazide, a new oral diuretic, Lancet 2:311 (Sept.) 1959. 
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AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers 
each month. The audio cassette tapes include recorded panel discussions interviews with noted s M 
authorities and self-assessment quizzes. In addition, 35 mm slides and a monthly personal continuing — . 
education notebook are supplied as a part of this professional service. 


Join the more than 4,500 subscribers who are listening each month. ACCEL'" TABLE OF CONTENTS | | 
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Voice for ACCEL™ — E. Grey Dimond, M.D. E ^m y 
Side 1 a: dA 
Current Concepts of Management of Coronary 2 Lo. + 


David O. Williams, M.D., Ezra A. Amsterdam, M.D., 
Albert A. Kattus, M.D., Richard R. Miller, M.D. and 
H. J. C. Swan, M.D. 

Ischemic Heart Disease: Current Concepts 
William J. Grace, M.D., Richard S. Crampton, M.D., 
William B. Kannel, M.D., Paul L. McHenry, M.D., 
James T. Mazzara, M.D. and David M. Spain, M.D. 


Side 2 
Ischemic Heart Disease: Current Concepts 
(Continued from Side 1) 
Present Status of Valve Surgery 
Mortimer J. Buckley, M.D. and James H. Getzen, 
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Please enter my one year (12 issues) subscription to ACCEL'" 





| enclose $ for the plan checked below: Name - 
(Please print) 
PLAN A 
CASSETTE TAPES WITH Subscription Address 
GENERAL ELECTRIC PLAYER/RECORDER 7O: ATA 
[] ACC member, $120 
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Ci State Zip Code 
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Pictures that listen. 


Probe your patients with 
sound. And record clear 
echo patterns on Kodak 
Linagraph direct print 
paper, type 2167. 
Ultrasonic examination 
has become a useful 
technique to diagnose 
structural and functional 
cardiac abnormalities. 
When used for ultra- 
sonic applications, 2167 
paper offers fast pop-up, 
excellent image stability, 


and high contrast—with no 
chemical processing. 

For details, write 
Eastman Kodak Company, 
Dept. 412L (260-D), 
Rochester, N. Y. 14650. 


RESULTS 
COUNT 
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Kodak Linagrapli 


direct print paper, 





Anew recereer te matc 
- the superior performance 


f the SKI Echo System. 


INTENSITY 


SOLEIL NER Sa EN. CAEN IQ SNS 


MULTIPLIER 


FOOT SWITCH 
N 


LLL LIT STILE NLL DIPOLE LOSSLESS LPL ALAA NSE NING 


SKI Smith Kline Instruments, inc. 





If you would like more details 
about the new Ekoline 21 and 








The new Ekoline 21 Recorder B Built-in latensifier, variable 


brings advanced performance paper speed. 

Sater the mostoutstand- "a Simplified operating con ts: Sith Kline Itum 

ing system of its kind available iie ie both compiere ne., Dept. U, 880 W. Maude | 

today. The Ekoline 21 provides: idit Avenue, Sunnyvale, CA 
94086. (408) 732-6000. 


E Compact size for easy 


E Fiber-optic strip chart re- tabilit 

cordings with maximum sicud d 

grey-scale capability, out- E Strip-chart paper quantity- SI4l 

standing resolution and level indicator. A Subsidiary of Smithkline Corporation 

r " 
Enspesinnon B Traditional SKI quality. 
ED EL With the addition of the new 
hom Ekoline 21 Recorder, SKI now 
y offers complete system re- 
sponsibility for all maintenance 


and repair service. 
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O Greater GI tolerance 

O Full quinidine cardiodynamics 

O Convenient B.I.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are 
indicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 
normal sinus rhythm—whether with CARDIOQUIN 
Tablets or electroconversion—only low b.i.d. or t.i.d. 
dosage of this unique polygalacturonate salt of quinidine 
is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomach and permits dependable absorp- 
tion of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 
tice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


e Pacekeeper 


For the broad spectrum of cardiac arrhythmias 
broad-range treatment... S 
conversion and maintenance 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
oolygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Y? to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maistenance, one 
tablet may be used two to three times a day; generally ‘tne tablet 
morning and night will be adequate. SUPPLIED: Uncoated,’ scored 
tablets in bottles of 50. 


Purdue Frederick 


( COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 A8207 172276 
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Treatment of Cardiac Arrhythmias 
»" i 


Reviews on Tricuspid Atresia and Cardiac Rhabdomyoma 


Call for Abstracts: ACC 26th Annual Scientific Session 
Philadelphia, February 28 to March 3, 19/7 
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ALDOMET 900, 


METHYLDOPA MSD) 500-m TABLETS 


When appropriate. ALDOMET 500-mg tablets may 
be useful when higher dosage (1.0 gto a maximum 
of 3.0 ga day) is required to control the blood 
pressure adequately. 


Why convenient. A b.i.d. schedule with ALDOMET 
500- -mg tablets may mean fewer doses a day 

for the patient and fewer tablets per dose. This 
-convenience helps encourage patient com pliance 
Mith the regimen. (Please see Addendum on 
llowing page for more information on dosage.) 


ALDOMET aes MSD) i diode d cated | 
~ vit 


drug, and if previous methyldopa therapy 
associated with liver disorders. - e 


Itisimportantto recognize that a positive 
Coombs test, hemolytic anemia, and liver c 
may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or 
disorders could lead to potentially : 
fatal complications unless 

properly recognized and managed. 
















been associated with liver 
gs); hypersensitivity. 
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Coombs test, hemolytic anemia, and 
rs may occur with methyldopa 
rare occurrences of. hemolytic 
iver disorders could lead to poten- 
Jlications unless properly recog- 
naged. Read this section carefully 
these reactions. | 
methyldopa therapy, 10% to 20% of 
lop a positive direct Coombs test, 
in 6 and 12 months of therapy. Lowest 
laily.dosage of 1 g or less. This on 
may be associated with hemolytic 
could lead to potentially fatal com- 
annot predict which patients with a 
mbs test may develop hemolytic 
ence or development of a positive 
st is not in itself a contraindication 
opa. If a positive Coombs test 
methyldopa therapy, determine 
anemia exists and whether the 
st may be a problem. For exam- 
-a positive direct Coombs test 
fen a positive indirect Coombs test 
erfere with cross matching of blood. 
yldopa therapy, it is desirable to 
hematocrit, hemoglobin, or red cell 
aseline or to'establish whether there is 
dic blood counts should be done dur- 
detect hemolytic anemia. (t may be 
rect Coombs test before therapy and 
onths after the start of therapy. ff 
“hemolytic anemia occurs, the 
methyldopa and the drug should be 
ually the anemia remits promptly. 
eroids may bé given and other 
mia should be considered. If the 
iia is related to methyldopa, the drug 
e reinstituted. When methyldopa 
“positivity alone or with hemolytic 
ell is usually coated with gamma 
G (gamma G) class only. The posi- 
may not revert to norma! until 
after methyldopa is stopped. 
for transfusion arise in a patient 
lopa, both a direct and an indirect 
ild-be performed on his blood. In 
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will be positive: A positive direct 
alone will not interfere with typing or 
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within first 3 weeks of therapy, 
eosinophilia. or abnormalities in 
tests, such: as serum alkaline 
rum transaminases (SGOT, SGPT), 
yalin cholesterol flocculation, 
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~ Occur Patients should be followed carefully to | - 
L/ . Qetectside reactions or unusual manifestations of | 
epatic disease, suchas | Pu 

Cirrhosis; if previous 





-drug idiosyncrasy. 


-Use in Pregnancy: Use of any drug in women who d 


are or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded, 
Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere. with 
measurement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. it is important to recognize this 
phenomenon before a patient with a possible pheo- 


_ chromocytoma is subjected to surgery. Methyldopa 


is not recommended for patients with pheochromo- 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 

Stop drug if involuntary choreoathetotic move- 
ments occur in patients with severe bilateral 
cerebrovascular disease. Patients may require 
reduced doses of anesthetics: hypotension occur- 
ring during anesthesia usually can be controlled 
with vasopressors. Hypertension has recurred after 
dialysis in patients on methyldopa because the 
drug is removed by this procedure. 

Adverse Reactions: Central nervous system: 
Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, 
symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic move- 
ments; psychic disturbances, including nightmares 
and reversible mild psychoses or depression. 


Cardiovascular: Bradycardia, aggravation of an- 
gina pectoris. Orthostatic hypotension (decrease 
daily dosage). Edema (and weight gain) usually 
relieved by use of a diuretic. (Discontinue 
methyldopa if edema progresses or signs of heart 
failure appear) 

Gastrointestinal: Nausea, vomiting, distention, 
constipation, flatus, diarrhea, mild dryness of 
mouth, sore or "black" tongue, pancreatitis, 
sialadenitis. 

Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic 
anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. 

Allergic: Drug-related fever, myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast 
enlargement, gynecomastia, lactation, impotence, 
decreased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 







































































DOSAGE | 
INFORMATION ON- 
ALDOMET? . 
(Methyldopa | MSD) — 


Adults A 

initiating therapy l n 

e 250 mg b.i.d. or t.i.d. the first ^ ^ J» 
48 hours u$ 

* increase or decrease, preferably ^ | .— 
at intervals of not less thantwo = 
days, until response is adequate 

* start dosage increases in the 
evening to minimize sedation - 

* adjusting dosage may prevent 
morning hypotension without 
losing control of afternoon blood 
pressure NM S 

«when ALDOMET is added, the . 
dosage ofthiazides need not — 
be changed p 

* when given with antihyperten- 
sives other than thiazides, the — 
dose of these agents may haveto 
be adjusted and the starting — 
dosage of ALDOMET shouldbe 
limited to 500 mg daily in 
divided doses 


maintaining therapy 

e usually 500 mg to 2.0 g daily in 
two to four doses 

* maximum recommended daily 
dose is 3.0 g | 

* occasional tolerance may occur, 
usually between the second and 
third month of therapy; adding 
a diuretic or increasing the EN 
dosage of ALDOMET frequently. | 
restores effective control . i 

* patients with impaired renal Kn 
function may respond to lower _ p 
doses; syncope in older patients ~ | 
may be related toan increased = | 
sensitivity and advanced arterio- . | 
sclerotic vascular disease and |... 
may be avoided by lower doses 


Children | LA da of 

* initial dosage is based on 10 mg/kg. 
of body weight daily in two Pu 
to four doses mE 



















































* increase or decrease daily dosage. 









until adequate response is. " 
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TEKTRONIX 
Portable Patient Monitors 
give you unmatched value 


Really compare: 

Performance capability—only Tektronix gives 
you a line of portable patient monitors that 
includes in a monolithic package: single or dual 
pressure .. . analog display with or without 
digital readout . . . optional hard copy of analog 
and alphanumerics such as elapsed time, pa- 
tient temperature, heart rate, systolic/diastolic 
and mean pressure... and much more! 
Portability—all monitors are only 9x 11% x6 
inches and 12 pounds (with recorder 9x 11% x 
91> inches and 18 pounds). Easy operation— 
color-coded control panels, pushbutton func- 
tions and a clear, bright display make TEK- 
TRONIX Monitors simple to use. Reliability and 
back-up service—even though their accuracy 
and dependability are excellent, 35 Tektronix 
Service Centers nationwide provide 24-hour 
turn-around repair if needed. 


Really compare 
CALLTOLL FREE 
800 547-4804 


Portable Patient Monitors TEKTRONI» 


In a Class by Themselves [e d 
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-.. The“no coffee” edict needn't be a 


= your patients—even the heavy coffee drinkers among away from home virtually everywhere you eat—we ve 
-. them. That's because SANKA? brand decaffeinated it. Init, you'll — . 


problem for many of | coffee—enjoyed by 18 million people at ome : 
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Nem. 1 ; prepared a FREE physician's sample kit. 
— coffee is 97% caffein free and 100% pure coffee, with find 10 patient-information folders, explaining the - 


-the taste your patients have come to enjoy. advantages of restricting caffein intake and containing E 

Even more important, from a medical point of view, two sample packets of SANKA* brand decaffeinated — EC 

itis ideal for patients who benefit from diets low in coffee plus a 50€ refund certificate toward their p 

- sodium (only 0.3 mg. per cup)* and high in potassium first purchase...and for you, an informative brochure, 3 

(a full 90 mg. per cup)* The "No Coffee" Edict, a physician-information folder * 

In order to help you and your patients discover the containing two sample packets, and a certificate À 
benefits of drinking America’s third largest-selling entitling you to a complimentary four-ounce jar. 


*Coffee is naturally low in sodium and high in 
potassium. There are 15 milligrams of so- 
diumin each 100 grams of Freeze-Dried 
Instant SANKA* brand decaffeinated 
coffee. Each 2 grams (the usual serv- 
ing per6fl. oz. cup) contains 90 milli- 
grams of potassium and only 0.3 
milligrams of sodium. All milli- 
gram figures are researched 

approximates 
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Contraindications: Quinaglute Dura-Tabs are contraindicated in patients a a 
with partial A-V or complete heart block, or intraventricular conduction 
defects, especially those exhibiting a marked grade of QRS widening; 


The patient with 
E: th in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
Car 1ac a id mia with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 


beats, ventricular tachycardia or flutter while on the drug. It may be 
contraindicated in certain patients who have marked cardiac enlarge- 


m need ment, particularly with congestive failure, poor renal function, and 
especially renal tubular acidosis. 

E d Precautions: The precautions to be observed include all those applicable 
medication most to quinidine. A preliminary test dose of a single tablet of quinidine 

% therapy. | 

W en e fi Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- : 

bocytopenic purpura, and respiratory embarrassment. Extreme caution ^ 

should be exercised in using the drug in patients with severe heart E 

A 


€ & disease and congestive heart failure, with digitalis intoxication, or renal ^ 
as 1 a 1 insufficiency. It should be administered cautiously, if at all, to senile J 
E wt patients. Hospitalization for close clinical observations, electrocardio- ‘ 
graphic monitoring, and possibly plasma quinidine levels, is indicated i 
while he’s sl : 
e hes sleeping. 











sulfate should be administered to determine if the patient has an idio- 8 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, ‘a 
should constantly be considered; especially during the first weeks of t 


when large doses are used, or with patients who present an increased = 
risk. | 
As with all quinidine preparations, the titrating of the exact quinidine | 
dosage will vary with each individual patient. With the dosage regimen j 
of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
every 12 hours, the blood levels may be too low to maintain normal 
sinus rhythm. ) 
é i p. As with other quinidine products, Quinaglute Dura-Tabs should not | 
Quinaglute" Dura-Tabs* (quinidine gluconate) be used during pregnancy. 
Adverse Reactions: The patient should be advised to report immediately | 
to the physician any symptoms of cinchonism (including tinnitus, de- 
creased auditory acuity, vertigo, blurred vision, color perception dis- 





* produces sustained serum quinidine levels, thus turbances, photophobia, diplopia, night blindness, scotomata, reduced E 
¿ providing a convenient 8 or 12 hour dosage schedule vienk THIS, Sei dak ee ta Mig e | | | 
S o ; o "igo 3 Where such symptoms develop, or if evidence of hypotension appears, 
e usually insures uninterrupted therapeutic quinidine the drug should be discontinued. Gastrointestinal disturbances have only 
j oae se rarely been reported. If they occur, they may be minimized by admin- 
gluconate lev els d ul Ing sleep istering the drug with food. If they persist, dosage should be decreased. l 
iio 2. ires "ad Pod 4 Aaesmadevsle : Dosage: For the prevention of premature atrial, nodal or ventricular con- j 
s avoids peaks and \ alleys n plasma levels during tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. ` 
which time the arrhythmias mav recur Before prescribing or administering, please refer to QUINAGLUTE full 5 


1 : sh y à à ~ product information. 
e maintains normal sinus rhythm following conversion 


bv other techniques 
e well tolerated to enhance patient cooperation ri Laboratories, Inc. 
few G.I. disturbances Wayne, New Jersey 07470 | 


Quinaglute Dura-Tabs 


(quinidine gluconate) 5 gr. (033 Gm.) 
^ .. tohelp maintain the patient 
> allthrough the night 














HYPERTENSION 


IT MAKES SENSE TO PRESCRIBE A REGIMEN THA 
MAINTAINS PATIENT COMFORT, IS CONVENIENT 
AND ECONOMICAL. 





AN l my 
140 I60 
20 


Ex OCmesrer, "* 








Each capsule contains 50 mg. of Dyrenium® (triamterene, SK&F Co.) 


and 25 mg. of hydrochlorothiazide. 


HELPS AVOID K* LOSS 


The ‘Dyrenium’ in ‘Dyazide’ helps promote patient comfort by 
limiting the loss of essential potassium during drug therapy for 
hypertension. Potassium depletion caused by conventional 
diuretics and the resultant symptoms of fatigue and muscle 
cramps are seldom a problem with *Dyazide'. 


CONVENIENT 


Potassium supplements are seldom needed, in fact they should 
not be used unless hypokalemia develops or dietary K* intake 
is markedly impaired. 





One or two capsules, once or twice daily for maintenance, 
according to the response of the patient. 


ECONOMICAL 


The expense of K* rich foods and potassium supplements can 
cost your patient more than conventional antihypertensive 
diuretics. *Dyazide' costs less than other K* -sparing agents. 


SERUM K* AND BUN SHOULD BE 
CHECKED PERIODICALLY 


Particularly in the elderly, diabetics, and those with suspected 
or confirmed renal insufficiency. Elevated serum potassium 
levels can occur because of the potassium-sparing effect of 
‘Dyrenium’, but they are rare in patients with normal renal 
function. If hyperkalemia develops, substitute a thiazide alone. 


Use ‘Dyazide’ with caution during pregnancy or in women who 





might bear children; potential benefits should be weighed M 
against possible hazards to the fetus. A es 
SIK&F CO. e 
Carolina, P.R. 00630 

Subsidiary of 

SmithKline Corporation 


* Dyazide' is not indicated for initial therapy. See next page for indications and 
brief summary of prescribing information. 


AQ 


as ARA 


-— (& Before prescribing, see complete prescribing 
information in SK&F literature or PDR. The 
following is a brief summary. 







Warning 

This fixed combination drug is not indicated 
for initial therapy of edema or hypertension. 
Edema or hypertension requires therapy 
titrated to the individual patient. If the fixed 
combination represents the dosage so deter- 


DYAZID 


Each capsule contains 50 mg. of Dyrenium? ( triamterene, SK&F Co.) mined, its use may be more convenient in 
NS patient management. The treatment of hyper- 
and 25 mg. of hydrochlorothiazide. tension and edema is not static, but must be 


reevaluated as conditions in each patient 
warrant. 





* Indications: Edema: That associated with con- 
gestive heart failure, cirrhosis of the liver, the 
nephrotic syndrome; steroid-induced and idio- 
pathic edema; edema resistant to other diuretic 
therapy. Mild to moderate hypertension: Usefulness 
of the triamterene component is limited to its 
potassium-sparing effect. 


Contraindications: Pre-existing elevated serum 


potassium. Hypersensitivity to either component. 
Continued use in progressive renal or hepatic 

E dysfunction or developing hyperkalemia. 
Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia 


develops or dietary potassium intake is markedly 
impaired. Enteric-coated potassium salts may 
cause small bowel stenosis with or without 
ulceration. Hyperkalemia (> 5.4 mEq/L) has been 
reported in 4% of patients under 60 years, in 12% 
of patients over 60 years, and in less than 8% of 
patients overall. Rarely, cases have been associated 
with cardiac irregularities. Accordingly, check 
serum potassium during therapy, particularly in 
patients with suspected or confirmed renal 
insufficiency (e.g., elderly or diabetics). If hyper- 
kalemia develops, substitute a thiazide alone. If 
spironolactone is used concomitantly with 
‘Dyazide’, check serum potassium frequently — 
both can cause potassium retention and sometimes 
hyperkalemia. Two deaths have been reported in 
patients on such combined therapy (in one, recom- 
mended dosage was exceeded; in the other, serum 
electrolytes were not properly monitored). Observe 
patients on ‘Dyazide’ regularly for possible blood 
dyscrasias, liver damage or other idiosyncratic 
reactions. Blood dyscrasias have been reported 

in patients receiving Dyrenium (triamterene, 
SK&F). Rarely, leukopenia, thrombocytopenia, 
agranulocytosis, and aplastic anemia have been 
reported with the thiazides. Watch for signs of 
impending coma in acutely ill cirrhotics. Thiazides 
are reported to cross the placental barrier and 
appear in breast milk. This may result in fetal or 
neonatal hyperbilirubinemia, thrombocytopenia, 
altered carbohydrate metabolism and possibly 
other adverse reactions that have occurred in the 
adult. When used during pregnancy or in women 
who might bear children, weigh potential benefits 
against possible hazards to fetus. 


Precautions: Do periodic serum electrolyte and 
BUN determinations. Do periodic hematologic x 
studies in cirrhotics with splenomegaly. Antihyper- 
tensive effects may be enhanced in postsym- 
pathertamy patients. The following may occur: 

yperuricemia and gout, reversible nitrogen 
retention, decreasing alkali reserve with possible 
metabolic acidosis, hyperglycemia and glycosuria 
(diabetic insulin requirements may be altered), 
digitalis intoxication (in hypokalemia). Use 
cautiously in surgical patients. Concomitant use 
with antihypertensive agents may result in an 
additive hypotensive effect. ‘Dyazide’ interferes 
with fluorescent measurement of quinidine. 
Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis; 
rash, urticaria, photosensitivity, purpura, other 
dermatological conditions; nausea and vomiting 
(may indicate electrolyte imbalance), diarrhea. 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, xanthopsia and, rarely, allergic 
pneumonitis have occurred with thiazides alone. 
Supplied: Bottles of 100 capsules; in Single Unit 
Packages of 100 (intended for institutional use 
only). 


SIK&F CO. 


Carolina, P.R. 00630 2 
Subsidiary of E 
SmithKline Corporation 
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Standing, at rest, V-5, HR-74. 
American's Stress Test Electrode 
supplies immediate base line stability. 
Testing with a narrow, drift free base 
line can begin as soon as the self- 
adhering, silver/silver chloride elec- 
trodes have been applied to the patient 
and connections made to your 
monitoring equipment. 
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4th Minute at 2 mph, 0% Grade, 
V-5, HR-75. Base line stability is 
maintained because of the electrode’s 
gel retaining cup and gel impregnated 
foam pad; the gel pad is slightly 
oversize to assure positive, continuous 


pressure at the electrode-skin interface. 


The result: virtual elimination of base 
line instability and motion artifact. 


4th Minute at 3 mph (8th minute of 
test), 076 Grade, V-5, HR-83. (The 
patient'S ECG indicates 1 mm of S-1 
depression.) Fully shielded cable 

and leadwire provide an effective 
barrier to the electrical interference 
that might otherwise mask small 
amounts of S-T depression. 


Do your stress test ECGs 


show everythins you 


need to see? 
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G rad e, 7 EHE. (cien 7.5% Grade, V-5, HR-135. 
t ssion incre s to 2.5 mm.) ams ya ep ression drops to 2.0 mm.) 
) D the Ameri —— Long t lures seldom affect - 


a en and fully fe Oeo $ contact with a patient's 


pubis system delivers a stable — skin; trace quality remains high, even 

- and noise-free signal . With patients who perspire heavily. 
MA Me n à | e em of this electrode's special gel 
|o eee eee | -.. formulation, application periods of longer 


- than four hours are not recommended.) 


~ Compare the stress test electrocardiograms 
you have been getting with those reproduced above.” 
There’s a reason for the unusually high quality 
of the ECG traces shown: The patient was being 
monitored with American’s Stress Test 
Electrode and fully shielded cable system. 


If you’ve been diagnosing from stress test electro- 
cardiograms that display wide or unstable base lines, 
severe motion artifact or possible hidden S-T depression, 
please contact us. We think we can help. 


*Examples shown were produced under clinical conditions 
during an actual stress test procedure using the American 
Stress Test Electrode system. 


j ; | lo Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


Available through * 


AMERICAN nosPiTAL SUPPLY 


Division of American Hospital Supply Corp. + General Offices, 1450 Waukegan Road, McGaw Park, Illinois 60085 


f 


AMERICAN 


HOSPITAL SUPPLY 


The Stress Test Electrode is protected by NDM Corporation by the following U.S. Patents; 3,696,807; 3,701,346; 3,713,435; 3,820,531 











ocn auncrui "s 
silver/silver chloride 2 
electrode is pregelled — 
and disposable 

for maximum 
convenience. 

















Pinch wire 
connector 
furnishes 
positive contact 
and visible 
electrode connections. 





Special gel formulation 
and oversized gel pad 
delivers immediate 
baseline stability 
and high signal 
strength. 


Fully shielded 
cables with up 
to fifteen leads 
are available. 
Quick disconnect 
feature enables 
you to change 
one of the 
shielded lead wires 
in moments. 


We invite you to try the first 
electrode/leadwire/cable system 
designed to match the “no 
compromise" nature of exercise 
stress testing. The fully shielded 
patient cable is adaptable to your 
present monitoring equipment, 
regardless of its make. 


Please contact your American 
Hospital Supply or NDM 
representative to arrange a no 
obligation clinical trial, including 
a total inservice for your staff. 
American will supply electrodes, 
fully shielded cables and fully 
shielded, quick disconnect 
leadwires adaptable to your 
present monitoring equipment 
during the trial period. 


For more information and 

a complimentary copy of our 
stress test technician's primer 
How to Take the Strain out of 
Stress Testing, write to: 

NDM, Department J, 3040 East 
River Road, Dayton, Ohio 45439. 
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Cardiologists: - 


33% of Your Patients May Die 
From Thromboembolic Disease* 





Thromboembolic disease is increasing as 
a secondarily diagnosed condition. 


The following primary patient conditions 
exhibit an incidence rate for thrombo- 
embolic disease above the average. 
Therefore, these conditions should be 
considered “High Risk”. 


PATIENTS PER 1000 
WITH THROMBOEMBOLIC 
PRIMARY CONDITIONS DISEASE 


Rheumatic Fever and 

Rheumatic Heart Disease T7 
Hypertensive Heart Disease 7 
Ischemic Heart Disease 15 


Diseases of the Pericardium, 





Endocardium, and Myocardium 16 
Cardiovascular Diseases 

Arterial Diseases 10 
Pulmonary Embolism 


with Infarction 125 
Other Venous Emboli 

and Thrombi 87 
Lower Extremity Varicosities 30 
Other Lymphatic Diseases 8 
Other Circulatory Diseases 8 


These Patients Deserve 
Additional Protection Against 
Thromboembolic Disease... 


* "Basic data for use in this study were supplied by the Commission on 


Professional and Hospital Activities (CPHA), Ann Arbor, Michigan. In 
these data the identities of individual hospitals were not revealed in any 
way. Although statistical testing was done at CPHA, any analysis, 
interpretation, or conclusions based on the data is solely that of the 
Kendall Corporation and CPHA specifically disclaims responsibility for 
any such analysis, interpretation, or conclusion." 


Anti-Embolism Stockings 


The Clinically Proven Stocking That Reduces 
the Incidence of Thromboembolic Disease 


Venous stasis...a dangerous precursor to pulmo- 
nary embolism. Diagnosis? Inconsistent. Probabil- 
CDS ity for incidence following surgery? Significant. 

EEE T.E.D. Anti-Embolism Stockings substantially 
a ae’, ' * 
reduce venous stasis. That's a clinically proven fact. 
| . Twenty-five years of continuous research positively 
——  - substantiate that claim. 

T.E.D. Anti-Embolism Stockings are like no 
ie other anti-embolism stockings. Exclusive con- 
Us M struction provides the proper gradients of pres- 






















A s jute. consistently, precisely. A patented relaxed 
ers | educes pressure at the popliteal space, a 
se | prevents constriction. No harsh 
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admissions. Simple to apply, easy to maintain. 

Your Kendall salesman is professionally trained 
to help you implement a total prophylactic pro- 
gram in your hospital. Inservice guides, programs, 


tape measures, and fitting charts eliminate the pos- 


sibility of incorrect fit, improper use. 


T.E.D—Low cost medical insurance against . | es 


thromboembolic disease for the doctor, nurse and 
hospital. | 
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SUMMARY OF 
PRESCRIBING INFORMATION 
Mode of action: The mechanism of action 
of SORBITRATE (isosorbide dinitrate) is 
unknown, although the basic pharma- 
cologic action is to relax smooth muscle 
Isosorbide dinitrate reduces in number and 
severity the incidence of angina pectoris 
attacks, with concomitant reduction in nitro- 
glycerin intake 







Indications: Based on a review of this drug 
by The National Academy of Sciences— 
National Research Council and/or other in- 
formation, FDA has classified the indications 
as follows 
Probably” effective: Sublingual and chewable 
dosage forms of SORBITRATE are indicated for the 
treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks. 
Final classification of the less-than-effective indica- 
tions requires further investigation 










Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the 
early days of the acute phase of myocardial infarction 
are insufficient to establish safety. Phenobarbital may be 
habit forming 
Precautions: Should be used with caution in patients 
who have glaucoma. Tolerance and cross tolerance to 
other nitrates may occur 
Adverse Reactions: Headache which may be severe and 
persistent. Lowering the dose and using analgesics will 
; help control the headaches which usually diminish or 
k disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vaso- 
dilation with flushing; transient dizziness and weakness 


as well as other signs of cerebral ischemia associated 
with postural hypotension; individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/ 


or exfoliative dermatitis 


(R) This drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine and other 
agents 
Dosage and Administration: Route: Sublingual, oral and 
e chewable tablets. 


Individual Dose: To minimize hypotensive responses, 
which may occasionally be severe with chewable doses 
j R BI D F D N ITR ATE as low as 5 mg., the srnallest effective dose should be 
employed. Chewable tablets are generally given in doses 
of 5 mg. Sublingually or orally, 5 to 10 mg. is the range 
commonly used although doses of up to 30 mg. have 
Ly frequently been employed. 
P Dosage Schedule: Smallest effective dose necessary 


fi As with sublingual ISDN: for the prevention and treatment of pain of an anginal 


Sry 


> > 


attack. Sublingual SORBITRATE may be taken p.r.n. or 
at 4 to 6 hour intervals; Oral SORBITRATE may be taken 


acts In 2 minutes for therapeutic use... 3 to 4 times daily. CHEWABLE SORBITRAT may be 


taken for prompt relief of anginal pain 3 or 4 times 
. Although the onset and duration of effect of coronary 
acts up to 2 hou rs for prophylaxis nitrates may vary, following are the generally reported 
: ranges of these values for SORBITRATE: 
Onset of Effect: Sublingual and Chewable: 2 to 5 
minutes. Oral: 15 to 30 minutes. 
ats ú Duration of Effect Sublingual and Chewable: 1 to 2 
In addition: hours, Oral: Estimated to be 4 to 6 hours. 
It is recommended that the oral dosage be taken on 


chewing action helps distribute co eia aU CRETAE 
nitrate over a larger mucosal area. N 


Division of ICI United States Inc. 
Wilmington, Delaware 19897 
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162 Effect of Nitroglycerin Ointment on the Clinical and Hemodynamic Response to Exercise 


b 


JOHN O. PARKER, RAYMOND J. AUGUSTINE, JEFFREY R. BURTON, ROXROY O. WEST 
and PAUL W. ARMSTRONG 


In 12 patients with coronary artery disease and exertional angina and in 8 patients with no or nonsignificant coronary 
arteriographic changes and no angina, nitroglycerin ointment significantly decreased left ventricular end-diastolic 
pressure and systemic arterial pressure within 15 minutes, the reduction lasting for at least 60 minutes. It also de- 
creased cardiac, stroke, left ventricular stroke work and tension-time indexes. Exercise tolerance at this time was also 
improved. These results suggest that the beneficial effects of nitroglycerin ointment are related to a reduction in myo- 
cardial oxygen requirements. 


167 Association of Ostium Secundum Atrial Septal Defects With Mitral Valve Prolapse 


ROBERT D. LEACHMAN, DENNIS V. COKKINOS and DENTON A. COOLEY 


Severe prolapse of the mitral valve leaflets was seen at left ventricular angiography in 17 percent of 92 patients over 
35 years of age with a secundum type of atrial septal defect. Nine patients required angioplasty or mitral valve replace- 
ment. In a retrospective series of 122 surgical patients over age 15 years, mitral regurgitation due to prolapse was 
seen at operation in 9, and chordal rupture was seen at a later operation in 3. These findings indicate that the syndrome 
of mitral valve prolapse may be less benign than is commonly thought. 


EXPERIMENTAL STUDIES 


170 Ventricular Monophasic Action Potential Changes Associated With Neurogenic T Wave Abnormalities and 


isoproterenol Administration in Dogs 


CHIEN SUU KUO and BORYS SURAWICZ 


Left stellate ganglion transection and right stellate ganglion stimulation both altered T wave polarity in the same direc- 
tion in the dog ventricle; the former prolonged and the latter shortened the Q-T interval. Isoproterenol normalized the 
neurogenic T wave abnormalities caused by these procedures and shortened the previously prolonged monophasic 
action potential. The T wave was found to be a sensitive indicator of relatively small changes (less than 20 msec) in the 
sequence of ventricular repolarization. 


178 Cardiac Dysrhythmias in the Conscious Dog After Surgically Induced Autonomic Imbalance 


4 . 
al dh WEniA. E RU 


WALTER C. RANDALL, MICHAEL P. KAYE, GILBERT R. HAGEMAN, H. KURT JACOBS, 
DAVID E. EULER and WILLIAM WEHRMACHER 


Exercise of trained unanesthetized dogs with total denervation of the heart except for the area supplied by the ventrola- 
teral cardiac nerve with its sympathetic stimuli intact caused reproducible tachydysrhythmias including shifting cardiac 
pacemakers to low atrial or functional regions, supraventricular, atrioventricular junctional and ventricular tachycar- 
dias and frequent premature systoles. This animal model should be useful to demonstrate ways in which the autonomic 
nervous system may play a role in inducing cardiac dysrhythmias. 

Continued on page A 19 
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three views of every heartbeat, 
simultaneously 











.. New Burdick EK-6 3-channel electrocardiograph— 
. During periods of cardiac instability, more accurate 
. diagnosis demands more complete data. Having that 
.. information in seconds is one reason you should have 
|. the new Burdick EK-6 3-channel electrocardiograph. 


à 


Direct-recording a 
curacy— Burdick 
heated stylu 
heat-sensitive paper an 
flat writing surfa 
combine to produ 
tracings of uncommo 
clarity and accuracy. An 
the EK-6 produces 
higher fidelity in the EC 
to eliminate distortions 
errors common wit 
inferior recording 
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. The EK-6 gives you three different perspectives of the 
- heart all at once. You can perceive the status of the 
. heart more accurately, with recording flexibility that is 
. critical for complete cardiac diagnosis. 
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E p" ? 
E Complete 12-lead ECGs in | wt | 


ten seconds—Once the 
. electrodes are attached, 
. pushing a single AUTO 
.. RUN button automatically pro- 
. duces a complete 12-lead ECG 
. ready for mounting. Three-lead 
. groups are automatically iden- 
. tified and marked. Lead 

3 lengths, selection, standardiz- 
.. ations, sensitivity settings, 

' paper speed, and lead check 
. are also automatically con- 

. trolled. Or the EK-6 may be 
|». programmed for manual or 
. semi-automatic operation. 


UTERE 


Fast, sure electrode placement—Tangled leads anc 
complicated lead replacement are nearly eliminated. The 
Burdick EK-6 features color-coded, variable-length leac 
wires that allow the operator to place the leads quickly 
and securely. Burdick's unique patient- 
cable junction block will accept 10 i 
dividual leads for standara 
ECGs, or fifteen when XYZ 
(Frank) leads are desired. 
Also, our patient cable is 
easily repairable. 


You can view your patient's 
heart from three perspec- 
tives at one time with the 
Burdick EK-6 3-channel 
electrocardiograph. 

For a demonstration 

or more information, call, 
toll-free, (800) 356-0701. 
Within Wisconsin: (608) 
868-7631. Or write The 
Burdick Corporation, 
Milton, Wisconsin 53563 
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Effec i nini) on i Ventricular Fibrillation Threshold of | Nonischemic e Myocardium "i 


presence of myocardial k ischemia end are independent of nitrobiyċerin s s peripheral i hemodynari 
sive effect. The precise mechanism by which nitroglycerin raises the ventricular fibrillation thresho 


tain, but it may be bya a direct effect on the coronary circulation. 


r REPORTS ON THERAPY 


of Amiodarone in the Woltt-Parkinson-White Syndrome 


O HEIN J. J. WELLENS, K. I. LIE, FRITS W. BAR, JAN C. WESDORP, HENK J. DOHMEN, 
. DONALD R. DÜREN and DIRK DURRER | i 


Amiodarone lengthened the effective refractory period of the accessory y pathway in an n atrioventric ul iH 
15 patients with the Wolff-Parkinson-White syndrome and in a ventriculoatrial direction in 8 of the. 3 
Circus movement tachycardia could no longer be initiated in 5 patients, and in the | other 10 patient 
tachycardia was slower than. before treatment. This action makes the drug. especially useful in pats 


drome and atrial fibrillation. 


5 Efficacy of Cardioselective Beta Adrenergic Blockade With Intravenously Administered Tolam ) 
- Treatment of Cardiac Arrhythmias a plu. x s 


EZRA A. AMSTERDAM, GARRETT LEE, STEPHEN MORRISON, MELVIN J. TONKIN, 
ANTHONY N. DeMARIA and DEAN T. MASON | a oe 


“WILLIAM, S. RITTER, JAMES M. ATKINS, C. GUNNAR BLOMQVIST 
_ And: 1 CHARLES: ae MULLINS. 








For the broad spectrum of cardiac arrhythmias 


broad-range treatment... 


conversion and maintenance 


CARDIOQUIN 


TABLETS. 


n 
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(quinidine polygalacturonate) Z> = 


"YN. 


o Greater GI tolerance 
~ O Full quinidine cardiodynamics 


O Convenient B.1.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are 


_ indicated in the treatment of a broad range of cardiac 


. arrhythmias (see Brief Summary). After conversion to 


normal sinus rhythm—whether with CARDIOQUIN 


Tablets or electroconversion—only low b.i.d. or t.i.d. 
. dosage of this unique polygalacturonate salt of quinidine 


is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomach and permits dependable absorp- 
tion of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 


tice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Ve to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally One tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 


Purdue Frederick 
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PEDIATRIC CARDIOLOGY 


209 Comparative Response of Right and Left Ventricles to Volume Overload 


RAJAMMA MATHEW, OTTO G. THILENIUS and RENE A. ARCILLA 


in both atrial septal defect and patent ductus arteriosus the ipsilateral (involved) ventricle had increased volume output 
and ejection fraction and increased distensibility. The contralateral (left) ventricle in atrial septal defect had a smaller 
than normal volume, output and ejection fraction; in patent ductus the contralateral (right) ventricle remained normal. 
These data in children suggest that left heart changes in atrial septal defect may be related to a functionally restrictive 
defect and to a difference in distensibility of the ventricles. 


218 Fetal and Infant Death, Twinning and Cardiac Malformations in Families of 2,000 Children With and Without 


Cardiac Defects 


RAY C. ANDERSON 


The incidence of twinning in probands, siblings and parents of 2,000 children with a congenital cardiac malformation . 


was the same as in the general population. The risk of recurrent cardiac malformations was 1.4 to 3 percent in families 
in which one child was born with a cardiac malformation of unknown origin, but there was no significant difference for 
the various malformations. The risk increases to 5 to 10 percent if a second case occurs in a sibship and to 10 to 20 
percent if a parent is also affected. 


225 Postoperative Pathology of Congenital Heart Disease 


231 


RICHARD VAN PRAAGH and MARC S. VISNER 


This study of 2,365 autopsies performed at the Children's Hospital Medical Center in Boston from 1966 through 1974 
reveals that 25 percent of patients had congenital heart disease. Tetralogy of Fallot and d-transposition of the great ar- 
teries, accounting for 25 and 15.5 percent of deaths, respectively, were the two conditions most frequently encoun- 
tered in the postoperative series of 348 surgically treated subjects. Causes of late postoperative death included ar- 


rhythmias, excessively small ventricular septal defect with tricuspid atresia, massive hemoptysis, cyanotic spell, con- 


gestive heart failure and infection. 


Long-Term Follow-Up of Valvulotomy for Congenital Aortic Stenosis 


W. DAVID JACK, Il and DAVID T. KELLY 


This long-term (10.6 years) follow-up study of 42 patients subjected to valvulotomy for severe congenital aortic valve 

stenosis showed an annual mortality rate of 0.5 percent and amelioration of major symptoms in all patients, thus con- — 
firming the effectiveness and value of this palliative procedure. All such surgically treated patients should have cardiac 
catheterization within a year after operation and every 5 years thereafter, or sooner if clinical events warrant it, to de- — 
termine the degree of restenosis and the need for reoperation and valve replacement. Valvulotomy remains the pre- — 


ferred surgical procedure in children and young adults. 


Continued on page A23 
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here are alot of ways to say stable 
when you re dealing with nitroglycerin. 
Thats why the testing of Nitrostat includes tests 
to simulate, as closely as possible, the actual conditions 
of use i 
For example, we test for wickability—a Parke-Davis 
test (the time in seconds required for water to wet the 
tablet completely by capillary action under controlled 
conditions) to simulate under-the-tongue conditions 
Heat-stable? Yes. Up to 45 C (113 F), considerably 
higher than “vest pocket. temperatures 


ithe 0 6- ng strengths 


Potency and Content Uniformity? The average assay 
still shows almost 100% of labe! claim more than 30 


months after manufacture. Whats more, the crucial 


For the 
“ultimate test” of 
Stability... 


prescribe a 
nitroglycerin with 
proof of stability. 


question of maintenance of content uniformity of nitro- 
glycerin is answered by Nitrostat as proved by assay 
less chance of your patient taking a superpotent or, more 
important. a subpotent tablet 

Disintegration? We test it using the USP test in 800 
ml of water. All tablets usually disintegrate within 30 sec- 
onds (USP limit = 2 minutes). 

Dissolution? Using NF Method IL we show greater 
than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be decisive. 
But taken together, they add up to a good reason to 
prescribe Nitrostat 


Nitrostat 


(nitroglycerin tablets, USP) 


/200 gr) — 0.4 mg (1/150 gr) — 0.6 mg (1/100 gr) 


sublingual tablets 
Stabilized formula 


0.3 mg ( 


Available in bottles of 100 
and Convenience Packs of 25 


PAR KE-DAVIS PARKE, DAVIS & COMPANY. Detroit. Michia: 
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Persistent cyanosis following closure of a large atrial septal defect in a 2 year old child eventually led to 

hat revealed direct drainage of the inferior vena cava into the left atrium with moderate arterial oxyge 
the age of 6, the child underwent a second open heart procedure that identified a 

usual anomaly. | | 


urysm of the Atrial Septum in Tricuspid Atresia. Diagnosis Duri 


ut CORRECTION uto 
made in the article on “High Blood Pressure in Children: Problems and Guidelines for 
t” in the March 31 issue of the Journal (Londe S, Goldring D: Am J Cardiol 37:650-657, 
section on plasma renin activity on 656 should read, “‘Normotensive subjects respo 
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24 hours real-time 





in 12 minutes reel-time. 


It's about time. Half the time it takes other scanners to 
scan a 24-hour DCG. And the Avionics 660A Electrocardio- 
scanner? gives you more information. Automatically 

The 660A aives you the diagnostic advantages of analyzing 
2 DCG leads simultaneously while quantitating Ventricular 
Ectopic Beats, Supraventricular Ectopic Beats, Demand 
Pacemaker Beats, Total Heart Beats, and documenting them 
hourly on a trend of Heart Rate and ST-Segment Levels — all 
correlated with exact patient time. And when the 660A is 
interfaced with the new Avionics 680 DCG Data Terminal, 
each hour of selected DCG Data is further analyzed, computed 
and teleprinted automatically every 30 seconds On-Line 
during the trending. After the trend, the 660A rewinds itself, 
then proceeds through the tape automatically writing out 
operator-selected abnormalities in 2 channels of real-time ECG. 

The ease of operation of these Avionics Scanning Systems 
is geared to your operation. And they not only scan and 
quantitate information from our “New Baby" the 445 Mini- 
Holter Recorder, but every recorder Avionics has produced all 
the way back to our first in 1963. 


So if you want to know more about the new Avionics 660A 
Electrocardioscanner, 680 DCG Data Terminal and 445 
Mini-Holter Recorder, and how they can turn your real-time 
into reel-time, give us a call at (714) 549-1500. Or clip and 
mail the coupon to: 

Avionics, 1601 Alton Avenue at Redhill, Irvine, Ca. 92714. 





a division of Del Mar Engineering Laboratories 


O Please send me more information on the Avionics 
660A Electrocardioscanner, 680 DCG Data Terminal, and 
445 Mini-Holter Recorder. 


[ Send the literature, and schedule me for a visiting demonstration. 
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ADVERSE REACTIONS 


ly transient but possib! 
na, atrial and ventricular 
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tion; nausea 
taste, paroti 


occasions, Fie Be 
DRUG INTERACTIONS Since diazoxide is highly bound te serum prot 


. displace other substances or drugs which are also bound to protein 


bilirubin or coumarin and its derivatives, These potential interaction 
considered when administering HYPERSTAT LV. Injection. The con 
ministration of diazoxide with thiazides or other commonly usei 
retics. may potentiate the hyperglycemic, hyperuricemic, and 
effects of diazoxide. En MCN a 


-OVERDOSAGE Overdosage may cause an unde: 
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Effectiv, Cime 
Stat Regimen-for rapid 
reduction of blood pressure 


in malignant hypertension 
direct-action 


*orstat IV 


SD A/OXDE Sis 


20 ml ampule 
contains 300 mg 
"The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 
blood pressure response usually occurs within 5 to 10 minutes:'* 



















5 Rapid reduction to normotensive levels O Uncomplicated procedure 

Induces rapid reduction of blood pressure generally Simple I.V. “push” in a peripheral vein in 30 seconds or 
within 5 minutes... often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary 
level achieved. Blood pressure response facilitated by until blood pressure is stabilized (generally 15-30 minutes). 
appropriate diuretic therapy. Thereafter, hourly measurement should be taken during 


5 Prolonged activity the balance of effect. 


A single injection of HYPERSTAT I.V. generally maintains o Convenient...no preparation 
blood pressure below pretreatment levels for periods HYPERSTAT I.V. supplied as a 20 ml ampule containing 
up to 12 hours. 300 mg diazoxide in ready to use solution. 
g Protective action —helps avert target Ey 
organ damage *Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert 
g g Einstein College of Medicine, and Chief of Cardiology, White Plains 
Cardiac output increases as diastolic pressure is Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 


reduced Coronary and cerebral blood flow maintained accelerated hypertension. Am Heart J 87(6): 791-795, June 1974. 


Increased renal blood flow after transient decrease. 


Administration guidelines 





4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 3 Inject entire dose I.V. in 30 seconds or 
» Of HYPERSTAT I.V. Injection (20 ml . recumbent. Insert needle only into . less. Remove needle carefully— 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation. 
4 Keep patient recumbent for at least half If patient is to be ambulatory, measure 6 HYPERSTAT I.V. Injection should be 

. an hour after injection; monitor BP 5 . BP in standing position before ending . continued until a regimen of oral 
closely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes 
minutes. . ' effective (generally within a few days). 
Copyright © 1975, Bef E. TAT I V. Iniecti l | | od irf 
Schering Corporation. efore prescribing HYPERSTAT I.V. Injection, please consult complete product information, 


All rights reserved. a summary of which appears on the facing page. 
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The place of INDERAL (propranolol 
hydrochloride) among the standard drugs for the 
treatment of disturbed cardiac rhythm has been 
frequently reaffirmed throughout eight years of 
clinical use. In fact, after withdrawal of digitalis, 
"...it may be the treatment of choice for 
digitalis-induced arrhythmias. provided 
hypokalemia is not present.” 'It has been widely 
used in selected supraventricular arrhythmias 
that have proved resistant to digitalis and in 
tachyarrhythmias precipitated by exercise, 
emotional stress, or undesirable sympathetic 
stimulation;'and it is also effective in controlling 
Supraventricular tachyarrhythmias related to the 
Wolff-Parkinson-White syndrome. ? 
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tachycardias 
and arrhythmias 
due to thyrotoxicosis 
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‘Inderal stands out 





INDERAL protects the heart from undesirable 
catecholamine stimulation through its beta blocking 
action. Propranolol occupies the beta-receptor 
sites, making them unavailable to the beta- 
adrenergic stimulating effects of catecholamines. 
INDERAL is the first beta-adrenergic blocking agent 
in clinical cardiologic use. 


"In paroxysmal atrial tachycardia, the drug 
slows the ventricular rate, and also is 
valuable in restoring the heart to a 
a regular sinus rhythm.’ “Paroxysmal 
atrial tachycardia induced by ex- 
ercise..has uniformly been 
prevented by propranolol,” and 
results with INDERAL inthe 
Wolff-Parkinson-White syn- 
drome"... have been favorable 
inall but afew patients reported. 
This condition appears to be 
one of the more definite indi- 
cations for propranolol.” 4 À 
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Stam. 


persistent sinus tachycardia “Sinvsiscrcarsiainavcesty stress 


of the patient and, in fact. may be 
EH -Epa- causing symptoms of itself. If the 
Tt clinical situation does not sug- 
gest a needed compensatory 
sinus tachycardia and the heart 
rate is indeed inappropriate, 
treatment with propranolol has 
been successful.” 4 
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Although propranolol may accomplish only the 
reduction of the heart rate in hyperthyroidism, it has 
proved useful for this purpose. "Sinus tachycardia 

in hyperthyroidism which causes symptoms 

may be relieved by the administration of 

propranolol before definitive therapy... The 

author has observed that atrial fibrillation 
complicating hyperthyroidism was easily terminated 
using modest doses of propranolol.” 4 





A28 


+ a4 

- -e.e - F 

se- o - - H 

pa ERs i 

PaM VL. 
22-9 | ; ne eee ee es 
> " we tS RARE. 
, t PPA Aee > ge +} 
A à 1 





S 
= 











, 
wo e 
i» a AN 








LIE 
220 8S8 we eee 


UTTTTTTTTITTTM 
EIIIITPETTDETT] 
"UNE Ne ee mes ETIE 


wa 
een 
gak 
LEJ 
LEII 


In cases of atrial premature beats frequent 
enough that they could herald the onset 
of atrial fibrillation, it has been 
recommended that propranolol be used 
after other measures have 

failed to contro! the beats. 5 
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or supraventricular arrhythmias 
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t ial f tter “In the presence of atrial flutter, ventricular rate E. 
q [| Uu is often difficult to control, and, as with an atrial n. 
fibrillation, propranolol hydrochloride i 
HF should be added when the flutter o 
HEH is not controlled by digitalis, CUR 
H HH especially in the presence of mitral e 
UN valve disease.” 6 ' 8 
Hi diis 1 
: JI 3 
i idl E: 
^ 3 
Qu Uu T 
* j * * * E 1 2 
at | f b | | t nN “One salutary effect of propranolol is slowing of p 
[ld | [| d IO the ventricular rate in atrial flutter and fibrilla- E. 
tion. 4^In a review of the literature, it E. 
TERHERRBEHHRHHEHHUHBSHHHEHRHHHIRHREHHREHHHATSA was noted that most patients with o 
d H nas puan rH AER fibrillation not controlled by digi- y 
talis alone experienced slowing JR 
i of the ventricular rate after admin- x 
" istration of propranolol and a few ‘3 
* reverted to sinus rhythm. 7 By 
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25:120 (Apr.) 1970. S E 4 EC 
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of digitalis intoxication Lo DE, 
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“Propranolol is very effective in treating EHIEIBHEHQGBHOIEIHHBREHBRHGRIHESES Arrhythmias, Ayerst — — 
_ arrhythmias caused by digitalis excess. Its use [a nexeaeeoen neues erent HE 4 eea me p t ad - Laboratories, 1971, p. 10. —— 
in this setting may be limited by the presence of EL EHEOERIEHEIUR uu HT mp ttt ^ 261 zn epos Geriatrics E 
significant congestive heart failure or heart - Hm | ERAN iA eie 1 e Helfant, —. 

i i : Med. Time 118(Jan)  J 
biopt NOPE wien CAS DOO EE E en E "1870.6 SonnenbICK EH, 


propranolol. However, if given in small doses 
with careful monitoring, it is often of great 
value in the treatment of digitalis toxicity. 5 


Arrhythmias and Beta- 
Adrenergic Blockade, Ayerst — 
Laboratories, 197 1, p. 7. 

7. Gibson, D., and Sowton, ^ 
E.: Prog. ee ke Dis. — 9 
12:16 (July) 1969-5 a 


Inde al Tablets 10mg, 40mg., 80mg. 1 
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Oropranolol| hydrochjenge 2 
M. co H 4 

helps prevent or control ecu 


|. "eatecholamine- induced SETABLOCKADEINDERAL oe oe 
cardiac arrhythmias ; 


(See last page of advertisement for prescribing information .) , 33 



















BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE 

- | PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC 
_ | CONCEPT OF ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE 
- | PHARMACOLOGY OF THIS DRUG. 
7 FG | 










































































INDERAL is à beta-adrenergic receptor blocking drug. possessing no other 
Autonomic nervous system activity. It specifically competes with beta-adrenergic 
JU stimulating agents for available beta receptor sites. When access to 
feceptor sites is blocked by INDERAL, the chronotropic, inotropic, and 
aso dilator responses to beta-adrenergic stimulation are decreased propor- 


s reater than required for beta blockade, INDERAL also exens a 
ke or anesthetic-like membrane action which affects the cardiac ac- 
al and depresses cardiac function. 
Propranolol is almost completely absorbed from the gastrointestinal tract, but 
- a ponion is immediately bound by the liver Peak effect occurs in one to one and 
one-half hours. The biologic half-life is approximately two to three hours. There 
i ) simple correlation between dose or plasma level and therapeutic effect, 
rar: gu  dose-sensitivity range as observed in clinical practice is wide. The prin- 
reason for this is that sympathetic tone varies widely between individuals. 
4 ince there is no reliable test to estimate sympathetic tone or to determine 
ether total beta blockade has been achieved, proper dosage requires titration. 
$ 4n Beta receptor blockade is useful in conditions in which, because of 
De Or functional changes, sympathetic activity is excessive or inap- 
? and detrimental to the patient. But there are also situations in which 
mpathetic stimulation is vital. For example, in patients with severely damaged 
adequate ventricular function is maintained by virtue of sympathetic 
ic should be preserved. In the presence of AV block, beta blockade 
on the necessary facilitating effect of sympathetic activity on conduc- 
blockade results in bronchial constriction by interfering with 
i [ - pi which should be preserved in patients subject 


of beta. blockade therapy is to decrease adverse sym- 

| , Simula but not to the degree that may impair necessary sym- 
suppor Fast functional balances. 

0 eens its antiarrhythmic effects in concentrations associated 

Wi sy : blockade and this appears to be its principal antiarrhythmic 

mechanism o ol co Te nentur effect also plays a role, particularly, some 

believe,  digialis-induced arrhythmias. Beta-adrenergic blockade 

ort ad management of arrhythmias due to increased 

oy e amines or enhanced sensitivity of the heart to 

as associated with pheochromocytoma, thyrotoxicosis, 


wes the oxygen requirement of the heart at any given 
by blocking catecholamine-induced increases in heart rate, 
, and the velocity and extent of myocardial contraction. 
Ý ; -may increase oxygen requirements by increasing 

emis length, end diastolic pressure, and systolic ejection period. 
“i | the net physiologic effect of beta-adrenergic blockade in angina is advan- 
‘wot d sedg to manifest itself "i exercise by delayed 


mias 
mea tachycardias, particularly those arrhythmias induced 
or digitalis or associated with the Wolff-Parkinson- 
e. See W-P-W under WARNINGS.) 


Sgen anhythnias due to thyrotoxicosis when causing dis- 
or increased hazard and when immediate effect is necessary as 
© eine, on term (2-4 weeks) therapy. 
Y S : P ie edel in place of, specific therapy (See Thyrotox- 
WARNINGS 


| Penis t atrial extrasystoles which impair the well-being of the pa- 
ient and do. Y ig conventional measures. 

and fibrillation when ventricular rate cannot be controlled 
e. oF y e is contraindicated. 
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M te: CHRONIC 
ed with caution since it 
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. should be admini | 
- produced by endogenous and exogenous 


3.) Tachyarthythmias of digitalis intoxication : may block vier 
If digitalis-induced tachyarthythmias persist following. discontinuance "E catecholamine stimulation | of beta receptors. = ó 
digitalis and correction of electrolyte abnormalities. they are usually rever- DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its e 
sible with ora/ INDERAL. Severe bradycardia may occur. (See OVER- adrenergic blocking activity, INDERAL may prevent the appearance of premonito- 


DOSAGE OR EXAGGERATED RESPONSE} 

Intravenous propranolol hydrochloride is reserved for life-threatening ar- 
thythmias. Temporary maintenance with oral therapy may be indicated. 
(See DOSAGE AND ADMINISTRATION.) 

Resistant tachyarrhythmias due to excessive catecholamine action 
during anesthesia 

Tachyarthythmias due to excessive catecholamine action during anesthesia 
may sometimes arise because of release of endogenous catecholamines or 
administration of catecholamines. When usual measures fail in such ar- 
rhythmias, INDERAL may be given intravenously to abolish them. All general 
inhalation anesthetics produce some degree of myocardial depression. 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, it 
should be used with extreme caution and constant ECG and central venous 
pressure monitoring. [See WARNINGS.) 

Hypertrophic Subaortic Stenosis 

INDERAL is useful in the management of hypertrophic subaortic stenosis, 
especially for treatment of exertional or other stress-induced angina, palpita- 
tions, and syncope. INDERAL also improves exercise performance. The effective- 
ness of INDERAL in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient which is exacerbated by beta receptor stimulation. 
Clinical improvement may be temporary. 

Pheachromocytoma — 

After primary treatment with an alpha-adrenergic blocking agent has been in- 
stituted, INDERAL may be useful as adjunctive therapy if the control of tachycar- 
dia becomes necessary before or during surgery 

It is hazardous to use INDERAL unless alpha-adrenergic blocking drugs are al- 
ready in use, since this would predispose to serious blood pressure elevation. 
Blocking only the peripheral dilator (beta) action of epinephrine leaves its con- 
strictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in having both 
beta and alpha blockade since the combination prevents the increase in heart 
rate and peripheral vasoconstriction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as 
an adjunct to the management of symptoms due to excessive beta receptor 
stimulation. 

CONTRAINDICATIONS: INDERAL is contraindicated in- 1) bronchial asthma: 
2) allergic rhinitis during the pollen season; 3) sinus bradycardia and greater 
than first degree block; 4) cardiogenic shock; 5) right ventricular failure sec- 
ondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL: 7] 
in patients on adrenergic-augmenting psychotropic drugs (including MAO inhibi- 
tors), and during the two week withdrawal period from such drugs. 
WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive hean failure, and inhibition with 
beta-blockade always carries the potential hazard of further depressing myocar- 
dial contractility and precipitating cardiac failure. INDERAL acts selectively with- 
Out abolishing the inotropic action of digitalis on the heart muscle (/.e. that of 
Supporting the strength of myocardial contractions). However, the inotropic ac- 
tion of digitalis may be reduced by INDERAL'S opposite inotropic effect. The 
effects of INDERAL and digitalis are additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of. 
the myocardium over a period of time can, in some cases, lead to cardiac 
failure. In rare instances, this has been observed during INDERAL therapy. 
Therefore, at the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized, and the response observed closely: (a) if cardiac 
failure continues, INDERAL therapy must be immediately withdrawn: (b) if 
tachyarrhythmia is being controlled, patients should be maintained on combined 


4. 


— 


- dosage and the patient closely followed until threat of cardiac failure is over 


IN PATIENTS WITH CORONARY ARTERY DISEASE AND/OR ANGINA PECTORIS, when 
discontinuance of chronically administered INDERAL is planned, the dosage 
should be gradually reduced over a period of several weeks and the patient 
should continue to be carefully monitored. There have been reports of exacerba- 
tion of angina and myocardial infarction occurring following abrupt discontinua- 
tion of INDERAL therapy. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long 
term use have not been adequately appraised. Special consideration should be 
given to propranolol’s potential for aggravating congestive heart failure. 
Propranolol may mask the clinical signs of continuing hyperthyroidism or com- 
plications and give a false impression of improvement. Propranolol does not dis- 
tort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have 
been reported in which, after propranolol, the tachycardia was replaced by a 
severe bradycardia requiring a demand pacemaker In one case this resulted 
after an initial dose of 5 mg. propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine re- 


lease for maintenance of adequate cardiac function, beta blockade will impair 


ike desired inotropic effect. Therefore, INDERAL should be titrated carefully 
No administered. for arrhythmias occurring during anesthesia. 


, INDERAL should be withdrawn 48 hours prior to surgery, at 


i- S h time all chemical and physiologic effects are gone according to available 
oe iidence. However, in case of emergency surgery, since INDERAL is a competi- —- 
he tive inhibitor of beta receptor agonists, its effects can be reversed by adminis- 


EA "Nw agents, eg NR ce iet such jim. 


ENTS UNDERGOING MAJOR SURGERY, beta-blockade impairs the ability . 
the hea 10 respond to reflex stimuli. For this reason, with the exception of - 
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y signs and symptoms (pulse rate and pressure changes) of Bem | 
poglycemia. Especially important with labile diabetics. — ri 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy epee a 
been established. Use of any drug in pregnancy or women of childbearing po- — vt, 
tential requires that the possible risk to mother and/or fetus be «lt T M 
the expected therapeutic benefit. QU. ORE zA 
PRECAUTIONS: Patients receiving catecholamine depleting drugs such. as 
reserpine should be closely observed if INDERAL is administered. The added — — 
catecholamine blocking action of this drug may then produce an excessive —— 
reduction of the resting sympathetic nervous activity. Occasionally, the phar- - 
macologic activity of INDERAL may produce hypotension and/or marked bra- 
dycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters - 
should be observed at regular intervals. The drug should be used with caution in 
patients with impaired renal or hepatic function. | 
ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive heart x 
failure; intensification of AV block: hypotension; paresthesia of hands; eut. 
insufficiency. usually of the Raynaud type: thrombocytopenic purpura. - f 

Central Nervous System: lightheadedness; mental depression manifested wy. 


x: 


insomnia, lassitude, weakness, fatigue; reversible mental depression progress- Fes, 
ing to catatonia; visual disturbances; hallucinations: an acute reversible syn- —— 
drome characterized by disorientation for time and place, short term memory — 
loss, emotional lability, slightly clouded sensorium, and decreased performante - D 
on neuropsychometrics ta? 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal coming, " 
diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever 
with aching and sore throat, laryngospasm and respiratory distress WE. 

Respiratory: bronchospasm A EMI 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, throm- : 5 
bocytopenic purpura zx 

Miscellaneous: reversible alopecia E IP. 

Ciinical Laboratory Test Findings: Elevated blood urea levels in patients wit 
severe heart disease, elevated serum transaminase, alkaline phosphatase, lac. | 
tate dehydrogenase ` 
DOSAGE AND ADMINISTRATION: The oral route of administration Ms. 
preferred. a 
ORAL vL 2 

ARRHYTHMIAS — 10-30 mg. three or four times daily, before meals and G 
bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS — 20-40 mg. three or fou ti 
daily, before meals and at bedtime. x: E 

PHEOCHROMOCYTOMA — Preoperatively—60 mg. daily in divided da 
for three days prior to surgery, concomitantly with an naate j 
agent. 

— Management of inoperable tumor— 30 mg. daily in divided fos 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are too ERE 
lo permit adequate directions for use. / 
INTRAVENOUS p 

Intravenous administration is reserved for life-threatening edili 1 or 
those occurring under anesthesia. The usual dose is from 1 to 3 mg. adminis- 
tered under careful monitoring, e.g. electrocardiographic, central venous 
pressure. The rate of administration should not exceed 1 mg. (1 cle k 
to diminish the possibility of lowering blood pressure and causing cardi J 
standstill. Sufficient time should be allowed for the drug to reach the site of ac- E 
tion even when a slow circulation is present. If necessary, a second d e. 
be given after two minutes. Thereafter, additional drug should not gi 
less than four hours. Additional INDERAL should not be given when tee 


4 


di 


<4 








alteration in rate and/or rhythm is achieved. B af | 
Tarserence to oral therapy should be made as soon as possible. 2 AM 
OVERDOSAGE OR EXAGGERATED RESPONSE — e Ph 


IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE 
FOLLOWING MEASURES SHOULD BE EMPLOYED: BRADYCARDIA — AD- Sik 
MINISTER ATROPINE (0.25 to 1.0 mgJ: IF THERE IS NO RESPONSE TO 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY aD 
CARDIAC FAILURE— DIGITALIZATION AND DIURETICS — 
HYPOTENSION — VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE 
(THERE IS EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) — 
BRONCHOSPASM—ADMINISTER ISOPROTERENOL An E 
AMINOPHYLLINE AT 
HOW SUPPLIED: INDERAL (propranolol hydrochloride] TABLETS - 
No. 461— Each tablet contains 10 mg. of propranolol hydrochloride, in bones 
of 100 and 1,000. Also in unit dose package of 100. | 
No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, in bottles 
of 100 and 1,000. Also in unit dose package of 100. - l 
No. 468— Each tablet contains 80 mg. of propranolol hydrochloride, in bates A 
of 100 and 1,000. Also in unit dose package of 100. 





INJECTABLE — 
M) eR Gi ec iid 100 of propranolol hydrochloride in Weter for sÅ 
brin Te i est wc Supplied as: | cc. ampuls in 
- boxes of B Uber (OI? . 
bu ] 
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Lasix Tablets 


(furosemide) 20mg and. 40mg 


Lasix Tablets have 

been shown to reduce 
elevated blood pressure 
in diuretic-responsive 
patients. "- 


Lasix. Forthe — 
treatment of essential 
benign hypertension. 





poen diuretic w 


indicated for the treatment of the 
eart failure, cirrhosis of the liver, and 
ic syndrome. 
d ) may be used for the treatment of 
ertt n with other antihypertensive drugs. 
pertensive: ue kd controlled with thiazides 
oba controilabie with Lasix (furosemide) 


AINDICATIONS—Because animal reproductive studies have 
Lasix (furosemide) may cause fetal a normalities, the drug is 
ed in women of childbearing potential. (See “Additional 


rosemide) is contraindicated in anuria. If increasing azotemia 
occur during treatment of severe progressive renal disease, 
uld be discontinued. In hepatic coma and in states of electro- 
n, therapy should not be instituted until the basic condition 
or corrected. Lasix (furosemide) is contraindicated in patients 
ory of hypersensitivity to this compound. 
Varnings—Excessive diuresis may result in dehydration and reduc- 
n blood volume, with circulatory collapse and with the possibility 
ular thrombosis and embolism, particularly in eiderly patients. 
e Joss of potassium in patients receiving digitalis glycosides may 
e digitalis toxicity. Care should also be exercised in patients re- 
potassium depleting steroids, 
"quent serum electrolyte, CO; and BUN determinations should be 
edd months of therapy and periodically there- 
ed or the drug cones te withdrawn. 
: hepatic cirrhosis and ascites, initiation of therapy 
furosemide) is best carried out in the hospital. Sudden altera- 
| and electrolyte balance in patients with cirrhosis may pre- 
epatic coma; therefore, strict observation is necessary during 
f diuresis, Supplemental potassium chloride and, if required, 
no antagonist are helpful in preventing hypokalemia and 
: alkalosis. 
ents should be observed regularly for the possible occurrence of 
'scrasias, liver damage, or other idiosyncratic reactions. 
še instances where potassium supplementation is required, an 
preparation should be used rather than enteric-coated potas- 


here have been several reports, published and unpublished, con- 
erning nonspecific small-bowel lesions consisting of stenosis, with or 
V iceration, associated with the administration of enteric-coated 
“with potassium salts. These lesions may occur with enteric- 
potassium tablets alone or when they are used with nonenteric- 
ed thiazides, or certain other oral diuretics. 
e j all-bowel lesions have caused obstruction, hemorrhage, and 
rgery was frequently required, and deaths have occurred. 
information tends to implicate enteric-coated potassium 
lesions of this type also occur spontaneously. Therefore, 
Sium-containing formulations shouid be administered only 
id and should be discontinued immediately if abdominal 
ausea, vomiting, or gastrointestinal bleeding occurs, 
ith: Known sulfonamide sensitivity may show allergic reac- 
urosemide). . 
S—As with any potent diuretic, electrolyte depietion may 
herapy with Lasix (furosemide), especially in patients re- 
doses and a restricted salt intake. Electrolyte depletion 
itself by weakness, dizziness, lethargy, leg cramps, ano- 
and/or mental confusion. 
ic hyperuricemia can occur and gout may rarely be pre- 
ible elevations of BUN may be seen. These have been 
ation with dehydration, which should be avoided, par- 
th renal insufficiency. _ i 
ise Of Lasix (furosemide) precedes its oral use, it 
that cases of tinnitus and reversible hearing im- 
ee ported. There have also been some TUO of cases 
3 hearing impairment occurred. Usually, ototoxicity 
yhen Lasix (furosemide) was injected rapidly in pa- 
airment of renal function at doses exceeding sev- 
i:commended dose and in whom other drugs known 
often given. if the physician elects to use high dose 
| patients with severely impaired renal function, con- 
nfusion is advisable (for adults, it has been reported 
not exceeding 4 mg Lasix {furosemide} per minute 


se, and alterations in glucose tolerance tests 
isting and two-hour postprandial sugar have 


ses of precipitation of diabetes mellitus have - 


~Various forms of dermatitis, 
and rare forms of exfoliative dermatitis, erythema m ti 
Dare thesio blurring of vision, postural hypotension, nausea, vomiting, 
iarrhea. a 


rixas and Administration 
ADULTS 


. The usual adult dose of Lasix (furosemide) is 20 to 80 mg giver as a 
single dose. . : oe: 
if the diuretic response with a sin 
factory, the io ae 
crements of 20 or 4 


tinuation, of o er antihypertensive dru 

recommended, if 40 mg twice daily do 

tory response, to add other Me agents, e.g 

to increase the dose of Lasix (furosemide). 

INFANTS AND CHILDREN 
Pediatric Administration: The usual in 

and children is 2 mg/kg body weight, gi 

response is not satisfactory after t 

by 1 or 2 mg/kg not sooner than 6 to 8 hours after the previou og 

Doses greater than 6 mg/kg body weight are not recommended. ^ ^ 
For maintenance therapy in infants and children, the dose should. 

adjusted to the minimum effective level. ] SN UR: 
How Supplied—Lasix Tablets 40 mg (furosemide) supplied as white, 

round, monogrammed, scored tablets, . ER 
Lasix Tablets 20 mg (furosemide) supplied as white, oval, mono- 

grammed tablets. rur 


: o€ OS 


Note: Dispense in dark containers. Exposure to light may cause slight SUL 


discoloration which, however, does not alter potency. 

Additional information 

Toxicology oa rae "E 
The acute toxicity of Lasix (furosemide) has been determined. 

rats, and dogs. In all three animal species, the oral LDso of Lasis 

semide) exceeded 1000 mg/kg of body weight, while the intraven 

ranged from 300 to 680 mg/kg. Intragastric. injection of the dru 

born rats resulted in an LDso of 380 mg/kg. SEX TK 
The acute toxicity of high doses of Lasix (furosemide) w 

ized by convulsions, paralysis, and collapse. Surviving an 

came dehydrated and depleted of electrolytes due to the d 

by Lasix (furosemide). In the newborn rats, intragastric in 

drug caused hyperactivity and anorexia, Son ue ed 
Chronic toxicity studies with Lasix (furosemide) we 

anc dogs. In a one-year study in rats, renal tubular degener 

with ali doses higher than me! kg (4 times the maximal rece 

human dose of 600 mg per day). A six-month study mee. ret 

cification and scarring of the renal parenchyma at all doses & 

me! b fe percent of the maximal recommended human dose of 

per day). | i 

Reproductive Studies WA a MN. 
The effects of Lasix (furosemide) on embryonic and feta 

ment and on pregnant dams were studied in mice, rats, and. rab 
Lasix (furosemide) caused unexplained mat 

tions in the rabbit when 50 mg/kg (4 times the: 

human dose of 600 mg per day) was administere 

of gestation. in a. previous study the lowest dose of 

the maximal recommended human dose of 600 1 

ternal deaths and abortions. In aura | 


survived a dose of 100 mg/ 


lethality which can prece. 
- The results of the r 
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The reels are turning nationwide. No matter where _- ps foes ie eren xpi on pn A TATE E Ii 4 
you are in this vast country, there is an Avionics Equipped). 1 AJC-8 
Scanning Service or Center near you. Equipped with 
the documented instrumentation in the field of Holter | a division of Del Mar Engineering Laboratories 
Monitoring™ —Avionics Dynamic Electrocardio- 1601 Alton Avenue at Redhill, Irvine, Ca 92714 


[] Please send me the latest Avionics literature and list 
of Avionics Equipped Scanning Services/Centers. 


graphy® Systems. 
There are now over 50 Avionics Equipped Scanning 
Operations throughout the country offering a wide variety 
.. of options for your particular Holter Monitoring Program. 
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Whether you decide to purchase, lease, rent or borrow, Name and Title 
Avionics new 2-channel 445 Mini-Holter Recorders are 
available. And Scanners are ready to serve. Organization 
For the latest literature and nationwide list of Avionics 
Equipped Scanning Services/Centers, mail coupon. FERRE ! 
City State | Zip 
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Note pronounced left ventricular 


Artist’s conception of heart with 
hypertrophy. 


changes typical of congestive failure. 
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In congestive heart 
failure... 





aldosteronism promotes 
edema. ‘The hyperaldosteronism 
present in the majority of patients with 
congestive heart failure...explains the low 
sodium excretion in urine, sweat, and saliva. 
Ultimately, of course, this retention of salt 
and water leads to edema. " 


Aldactone (spironolactone) 
combats aldosteronism... 
promotes diuresis. 


“By administering spironolactone [Aldactone] 
over, say, three or four weeks, one May 
actually induce a greater sodium and water 
loss than with more powerful natriuretic 
agents.... ° 


Effective diuresis in 
edema of congestive heart failure 


Aldactone spironoactonas a ses 1 





lll Produces gradual, positive, sustained diuresis, usually without E 
causing acute volume depletion, and without rebound fluid retention. * 
lil Helps prevent potassium loss which may contribute to F 
arrhythmias and digitalis toxicity. . A 

See next page for brief summary of prescribing information. a ! i 
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_ Address medical inquiries to: 


In congestive heart failure 


Aldactone’ 


(Spironolactone) 


25-mg. tablets 


Indications —Essential hypertension; edema of congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome and idiopathic edema. Some 
patients with malignant effusions may benefit from Aldactone (spironolac- 
tone), particularly when given with a thiozide diuretic. 

Contraindications —Acute renal insufficiency, rapidly progressing impair- 
ment of renal function, anuria and hyperkalemia. 

Warnings —Potassium supplementation may cause hyperkalemia and is 
not indicated unless a glucocorticoid is also given. Discontinue potassium 
supplementation if hyperkalemia develops. Usage of any drug in women of 
childbearing age requires that the potential benefits of the drug be weighed 
against its possible hazards to the mother and fetus. 

In a 78-week chronic toxicity study, rats were given daily oral doses of 
spironolactone approximately 30, 90 and 300 times the usual daily human 
therapeutic dose (100 mg. per day). The results of this study demonstrated 
a dose-related, statistically significant increase in the occurrence of benign 
adenomas of the testes and thyroid gland. Similar findings have not been 
demonstrated in other animal studies. In view of the marked differences 


-in spironolactone metabolism by the rat and by man, the relationship of this 


finding to the possible development of tumors in humans is unknown. 
Precautions —Patients should be checked carefully since electrolyte im- 
balance may occur. Although usually insignificant, hyperkalemia may be 
serious when renal impairment exists; deaths have occurred. Hyponatremia, 
manifested by dryness of the mouth, thirst, lethargy and drowsiness, to- 
gether with a low serum sodium may be caused or aggravated, especially 
when Aldactone is combined with other diuretics. Elevation of BUN may 
occur, especially with preexisting renal impairment. Mild acidosis may occur. 


= Reduce the dosage of other antihypertensive drugs, particularly the gangli- 
onic blocking agents, by at least 50 percent when adding Aldactone since it 
-potentiates their action. The physician should be alert to the possible onset 
— . of gynecomastia. 

.. Adverse 


A Reactions — Drowsiness, lethargy, headache, diarrhea and other 
gastrointestinal symptoms, maculopapular or erythematous cutaneous erup- 
tions, urticaria, mental confusion, drug fever, ataxia, gynecomastia, inability 
to achieve or maintain erection, androgenic effects, including hirsutism, 
irregular menses and deepening voice. Adverse reactions are usually reversi- 
ble. In rare instances gynecomastia may persist. 

and Administration—For essential hypertension in adults the 
initial daily dosage is 50 to 100 mg. in divided doses. Aldactone may be 
combined with a thiazide diuretic if necessary. Continue treatment for 
two weeks or longer since the maximal response may not occur sooner. 
Adjust subsequent dosage according to response of patient. 

For edema in adults initio! daily dosage is 100 mg. in divided doses. 
Continue medication for at least five days to determine diuretic response; 


. add a thiazide or organic mercurial if adequate diuretic response has not 


occurred. Aldactone dosage should. not be changed when other therapy is 
odded. A daily dosage of Aldoctone considerably greater thon 75 mg. may 
be given if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desir- 
oble for patients with extremely resistant edema which does not respond 


adequately to Aldactone and a conventional diuretic. Observe the usual 


precautions applicable to glucocorticoid therapy; supplemental potassium 


_ will often be necessary. Such patients frequently have an associated 


hyponatremia—restriction of fluid intake to 1 liter per day or adminis- 


- tration of mannitol or urea may be required (these measures are contra- 


indicated in patients with uremia or severely impaired renal function). 

Mannitol is contraindicated in patients with congestive heart failure, and 

urea is contraindicated with a history or signs of hepatic coma unless the 

patient is receiving antibiotics orally to “sterilize” the gastrointestinal tract. 
Glucocorticoids should usually be given first to patients with nephrosis 

since Aldactone, although useful for diuresis, will not directly affect the 

basic pathologic ‘process. 

- For children the daily dosage should provide 1.5 mg. of Aldactone per 

pound of body weight. 

References: - 


1. Genest, J. ond Nowar, T.: Clinician: Congestive Heart Failure, Medcom” 
Learning Systems, New York, Medical Communications, Inc., 1972, pp. 42-49. 


`- 2. Laragh, J. H.: Hosp. Pract. 5:43-50 (Nov.) 1970. 
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harmacology 
VOLUME 2 | SY 


edited by RODOLFO PAOLETTI and CHARLES J. GLUECK 
A Volume in the MEDICINAL CHEMISTRY Series 


CONTENTS: G. Schettler and H. Mörl, Clinical 
Evaluation of Atherosclerosis. R. B. Alfin-Slater and 
L. Aftergood, Essential Fatty Acids—Recent Devel- 
opments. T. A. Miettinen, Methods for Evaluation of 
Hypolipidemic Drugs in Man: Mechanisms of 
Their Action. S. M. Grundy, Dietary and Drug 
Regulation of Cholesterol Metabolism in Man. D. L. 
Azarnoff and D. W. Shoeman, Diet and Drugs in 
Obesity Control. C. 5. Lieber, Ethanol and Lipid 
Metabolism. H. R. Casdorph, Cholestyramine and 
lon-Exchange Resins. C. J. Glueck et al, Treatment 
of Hypolipoproteinemia in Children. D. H. 
Blankenhorn, Femoral Angiography to Evaluate 
Hyperlipidemia Therapy. 


1976, 320 pp., $27.50/£15.95 ISBN: 0-12-544952-6 


Contraction 
and Relaxation 
in the Myocardium 


edited by WINIFRED G. NAYLER 


Dr. Nayler has compiled this valuable collection 
of papers which were presented during a course 
entitled “The Scientific Basis of Cardiology” at The 
Cardiothoracic Institute in London in 1974. 

These papers relate to the events which regulate 
the cyclic sequence of contraction and relaxation 
in heart muscle, and cover certain aspects of 
cardiac physiology, pharmacology and subcellular 
structure. 

CONTENTS: W. G. Nayler, The Cardiac Cell. 

S. V. Perry, The Contractile and Regulatory Proteins 
of the Myocardium. M. I. M. Noble and G. H. 
Pollack, Cardiac Contraction. A. Wollenberger, 
The Role of Cyclic AMP in the Adrenergic Control 
of the Heart. R. J. Linden, Sympathetic Nerves to- 
the Heart. D. Noble, Actions of Catecholamines on 
lonic Currents in Cardiac Muscle. E. M. Vaughan 
Williams, Anti-Dysrhythmic Drugs—Their Mode of 
Action. A. M. Barrett, Beta-Adrenoceptor Blockade. 


1975, 408 pp., $20.75/£8.00 ISBN: 0-12-514650-7 


N.B.: Postage plus 50¢ handling charge on all orders 
not accompanied by payment. 


Prices are subject to change without notice. 
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A Subsidiary of Harcourt Brace Jovanovich, Publishefs 
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WHY? 


We’re experienced - we have systems in the 
biggest and best institutions in America (we'll be 
glad to give you a list). 


Marquette technology is years ahead of all others, 
thus you’re much less susceptible to 
obsolescence. 


Marquette can offer a broader variety of 
configurations to fit your requirements than 
anyone. 


May we give you more details, visit with you to 
analyze your situation and then write a full, 
comprehensive proposal? Write or call... 


Marquette Electronics, INC. 
P.O. Box 8039 

8200 West Tower Avenue 
Milwaukee, Wisconsin 53223 


Tel.: (444) 355-5000 


marquette 
electronics inc. 
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help the pace | r patient, ! 
. every step of the way 
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E Medtronic makes the Xytron PROFESSIONAL REPRESENTA- ENGINEERING EXCELLENCE 
_ Pacemaker, of course. As well as TION AND SERVICE The Medtronic He is your direct line to a company 






- many other innovative products. representative who calls on you is committed to discovery and engi- 

-. But products are only part of the one of the most thoroughly trained, neering excellence. A company 

- reason why Medtronic can help you most professional representatives in already working on the concepts 
be more helpful to the pacemaker the pacing industry. He is committed that will become the reality of pacing 





. patient. to excellence. And with the resources technology in the 1980's and 90's. 
+ he represents, he can provide you 
with personal service, plus company 
E services to assist you in your 

E: management of the pacemaker 
patient. 
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VERTICAL INTEGRATION Consider QUALITY AND RELIABILITY As you A CORPORATE COMMITMENT 





Medtronic’s vertical integration. It probably are aware, quality and Your commitment toward serving 
places less dependence on outside reliability are particularly emphasized mankind is shared by the entire i 
sources, permits more precise at Medtronic. One of every five Medtronic corporate entity. Like you, .— - 
control over the components that go. persons involved with the manufac- Medtronic is working toward man’s 
into our products. Our Micro-Rel ture of our products is assigned full life. 
_ subsidiary pioneers new manufac- quality or reliability control responsi- | i 
-~ turing methods and techniques bilities to assure that our products d 
that permit volume production of will meet or exceed industry M d JS 
highly reliable integrated circuitry. standards. | A DX e (TONIC ; 
Helping you help | 


the pacemaker patient 
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A reminder 


LANOXIN 
A (digoxin) 









0.125 mg 0.25 mg 0.5 mg 
yellow white green 


? i f ; ` Burroughs Welicome Co. 
imprinted imprinted & scored imprinted & scored ‘ x Research Triangle Park 
Complete iiterature available on request from Professional Services Dept. PML Wellcome / North Carolina 27709 


to pon rare in such persons, i 
Krieg an 1,4,5 ' exercise 1 





matic frequent and ^ei ventricular 
f unknown origin. It also examines the 
, types and frequency of these beats. 


Methods 


: ented 2 Dent (13 of 632) ofa cardiology re- 
ti ion from a munity of 50, 000 persons during a 


liograms and medical bici Standard hemno: 
emical and urinary tests, fasting lipid studies, chest 
ograms and follow-up electrocardiograms were also 
.dditional studies to examine the apparent health 
ects varied according to availability of techniques 
s. Thus, Frank lead vectorcardiograms (10 
schocardiograms (11 subjects) were available 
. Public Health Service population. Likewise, 
phic anomalous beat configurations of 
gin provided an indication for His bundle 
udy in five subjects, and the development of 
in two subjects resulted in cardiac cathe- 

nary arteriography. 


Geter — 


1 D lems was ee ac- 
od of prie The exercise test data were 


did not ihtesfere with daily activity. ol xercise. 
recording period patients kept a iron dis 
physical, physiologic and emotional eventa. (particular 
noting hours of sleep). n. = 

Analysis of the recordings was E TE with 1 
model 660 Avionics Electrocardioscanner, which allowe 
playback of Holter tapes at a speed of 1, 30, 60 or 120 ti 
real time with use of a low speed paper recorder. at rates of. 
mm/min and 25 or 50 mm/sec. Audiovisual techniques utilize 
to detect ventricular ectopic beats included oscilloscopi 
display of two simultaneous channels of electrocardiograp 
data and the R-R interval, and use of an R-wave-triggi 
sound system and an Avionics arrhythmia analyzer. Th 
ability to sweep the tape forward and backward at high speeds 
facilitated identification of ventricular ectopic beats. The 
arrhythmia analyzer employing the variable characteristics. 
of prematurity, QRS width and QRS amplitude was individ- 
ually adjusted for each recording analysis to detect and assess’ 
automatically the frequency of ventricular ectopic bea 
Frequency, expressed as number of ventricular ectoy 
beats/hour, was automatically displayed on the electro 
dioscanner and charted on a trend printout record indica 
the cumulative total of all ventricular ectopic beats hi 
Accuracy of this method for each tape was establish: 
comparison of the arrhythmia analyzer frequency count. 

a real-time frequency count performed for three separate C 
minute periods in each recording. When accuracy was 
than 95 percent, the variable criteria of the arrhythmia a 
lyzer were readjusted until such accuracy was obtained. In 
cases 95 percent accuracy of the arrhythmia analyzer cc 
not be achieved and real-time quantitation with han 
counting was performed. In measuring frequency of ventri 
ular ectopy during sinus rhythm these methods have been. 
found to vary from 1 to 2 percent. Additional validation of 
ventricular ectopic beat frequency count during sinus rhythm - 
was performed by real-time electrocardiographic write-out 
examination of a randomly chosen hour of each recording. 
This showed 80 to 90 percent accuracy of ventricular ectopic 
beat frequency counts. With use of oscilloscopic display and. 
printout validation of two channels of electrocardiographi 
data, types of ventricular ectopic beats were graded du 
each hour of recording. 

Grading of ventricular ectopic beats during Holter re 
cording has been previously described.!5 The beats are cat 
gorized as follows: grade 0 = absence of ventricular arrhyth: 
mias; grade 1 = less than 2 ventricular beats/min or 30 hou 
grade 2 = 2 or more ventricular ectopic beats/min or mo 
than 30/hour; grade 3 = multiform ventricular ectopic be 
grade 4A = couplets of ventricular ectopic beats; grade 
3 or more consecutive ventricular ectopic beats; and g 
= early cycle ventricular ectopic beats with R on T phe 
enon. The method of grading ventricular ectopy at his 
playback when Mii hi with real- time writeout f 


percent specific. 
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id ale (600 n mg iade des followed epa 200 mg in 

et form every 6 hours) and intravenous administration of 

: (100 mg bolus injection). Procainamide was not used 

ise of its short half-life, which requires that it be given 

ery 3 to 4 hours and is expected to result in greater non- 

om ance by asymptomatic subjects. Oral antiarrhythmic 

egimens were given for 5 days to- provide time for optimal 

ug action before evaluation by 24 hour Holter recordings. 

ervals of 1 to 2 weeks without drug treatment were allowed 

veen different drug regimens. Variability of arrhythmia, 

ssessed by two control 24 hour Holter recordings obtained 

ost subjects, did not affect. maximal grade or mean fre- 
ency of ventricular ectopic beats. 

St atistical anes: ou data v were ignis and statistical 


—' 


: al data are presented in Table I. All subjects were 
mptomatic when the ventricular ectopy was first 

yted, most often as an accidental discovery or a finding 
routine physical examination. Only one subject (Case 
‘could perceive cardiac irregularity with any accu- 

, although after discovery of the ectopy, an addi- 

al six subjects were intermittently aware of cardiac 
gularity in certain body. positions. Most subjects 
vere physically active and only five could be classified 
edentary. Three subjects (Cases 6, 15 and 21) were 
ety-prone. À history of rheumatic fever, scarlet 

ver, diphtheria or major viral illness was lacking in all 
it one subject (Case 3) who had scarlet fever at age 8 


jects: oniy 8 of hese were pace Ec at the time 
| valuation (Table D; the other 8 had discontinued 


€ iri (Table D had eee E ine (choles: 
iore than 220, triglycerides more than 150 mg/100 
hes ee confirmed normal car- 


zontal pe with the main QRS f 
riorly, a pattern consistent with a le 
gin, 18 EN 
Maximal exercise readin test 
was performed by 23 of 25 subjects. 
of exercise was 8.0 + 1.8 (standard de 
mean maximal heart rate was 161 + 1 
the mean maximal systolic blood p: ress 
mm Hg. Functional aeorbic impairmen 
—14 to +28 percent and was normal as d 
the Bruce nomogram?’ i in all but one : 
Apprehension or lack of motivation was 
of five subjects with functional aerob 
greater than 20 percent. S-T segme 
without symptoms was recorded during 
ercise and initial recovery in the one si 
who manifested resting S- T segment ch 
Echocardiographic examination of 1 
vided technically adequate recordings 
tricular and left atrial volumes, left ven 
fraction and mitral valve motion were t 
His bundle electrographic studies pe 
informed consent had been given revealed 


TABLE | 


Clinical Data of 25 Apparently Healthy Subje 
Asymptomatic Frequent Complex Ventricular 
Ectopic Beats (VEB) 


Duration Cigarette 
Case . Age (yr) of VEB* Smoking 
no. {yr} History 
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cu lated ejection fractions 
nary art ography revealed right 
dominance i in POOR dps and en- 
ade o 4B) Pace the ¢ postexercis : 
period after manifesting. grade 2 ventricular ector 
beats during maximal exercise. The majority 
and major (grade 3« or higher) grades of ventri 


a apie bears Fen maximal meda (Fig. 1). Functional aerobic: impairment, r m. cim 
3 subjects is illustrated in Figure 1. A rate, maximal systolic blood. pressure and sak 
one jm of ventricular ectopy (defined sure-rate product during treadmill testing wer 
lated to grade or Hep of ventricular ectopic | Ja 
in the subjects studied. 


[.] Control 


Bl voximat Exercise 
Post Exercise Recovery 


FIGURE 1. Distribution of maximal. grad 
ventricular ectopic beats (VEB) during a 31 
control study, maximal exercise and p 
E m ENS. ZR | recovery periods of maximal exercise é grali 
GRADES OF VEB | testing in 23 subjects. - 2E: 
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-308 hours a oe 

mal grades of ventricular ectopic beats as de- 

cted by Holter recording during a continuous 24 hour 

al cycle are presented in Figure 2. All subjects 

sd had the usual hours of waking activity and sleep 

at is, no night shift employment). Complex ventric- 

ectopy was detected in all subjects. A decrease of 

tricular couplets during sleep compared with the 

> during waking activity or during the 24 hour re- 

ng period was associated with an increase in mul- 

il ventricular ectopic beats during sleep in some 

jects. Table II indicates the consistency with which 

specific or maximal grade of ventricular ectopic beats 

occurred. Noteworthy is the consistency with which 

es 2, 3 and 4A ventricular ectopic beats were re- 

»rded at various hours of study and the paucity of 

s without evidence of ventricular ectopy (grade 0). 

he major grades of ventricular ectopy did not occur 
poradically but tended to be consistently present. 

The frequency of ventricular ectopy ranged from 0 

to 3,103 (mean 559) ectopic beats/hour in the 23 subjects 

ied. The mean frequency of ventricular ectopic 

its during the entire recording period and in the 

aking and sleeping periods is displayed in Figure 3. 

ntricular ectopy increased during activity in 74 per- 

of subjects, and during sleep in 26 percent of 

jjects. When the entire recording period is consid- 

91 and 70 percent, respectively, of subjects had a 

requency of more than 100 or 200 ventricular 

pic beats/hour. Consistency of ventricular ectopic 

at frequency, allowing for variation with waking ac- 

ivity and sleep, was supported by the close agreement 


(+50 ventricular ectopic beats/hour) between the me- _ 


dpem 
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VEB / Hr. 
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Analysis of the QRS configurations 
topic beats revealed that four of six sub 
right bundle branch block pattern in le 
had R wave configurations recorded in lea 
indicating a basal origin. Examina 
tricular ectopic beats of each subject fe 
teristics. of ventricular parasystole” rev 
coupling intervals in 13 subjects that i 
fixed relation (less than 0.04 second va 
later. Ventricular fusion beats were pre 
subjects and mathematically related inter 
tervals in seven subjects; in three of these 
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used effectively reduced both the maximal ; grade ani 
frequency of ventricular ectopy, propranolol ane 
quinidine sulfate had limited suppressive - prior S 
d intravenous Borne uma fà Injection n 


dico lateat easi or R Clinical 
frequently utilized to ascertain “normal” health have 
commonly included history, physical examination, 


standard E and blood — hae jon 


edt chat t RUN or wane, naico eons ytl 
detected by. the latter methods i in S ase ea 





raphic] evidence of heart disease of any sort, 

be said that we have rarely, if ever encoun- 

1 any healthy people with large numbers of |ven- 

lar ectopic beats] in our random samples of middle 

aged Americans." Other investigators have supported 

view.?! Our study reports on 25 such asymptomatic 

jarently healthy subjects who manifested both fre- 

nt and complex ventricular ectopy, and describes 

nical evaluation of the health of these persons and 
cteristics of their ventricular ectopy. 


urs and S4 gallops occurred in four subjects and 
t regarded as indicative of disease in three other 
bjects over 60 years of age. Risk factors have been 
ssociated with, but are not necessarily indicators of, 
oronary heart disease. If one adds subjects with two or 
ore risk factors for coronary heart disease to the six 
ubjects previously identified, only one additional 
bject (Case 9) would be suspected of having an ab- 
rmal cardiovascular status. Thus, we believe that 18 
the 25 subjects had no detectable pathologic or 
hysiologic abnormality other than the presence of 
quent complex ventricular dysrhythmia although 
bclinical disease was not and possibly cannot be ex- 
ided. The presentation of apparently normal health 
nd the characteristics of the frequent complex ven- 
ular dysrhythmia suggest that these subjects have 
inical syndrome not previously characterized. Since 
these findings were present in virtually the entire group, 
t is reasonable to consider that the detected or specu- 
lated abnormalities in the “abnormal” subjects were not 
_a factor in the ventricular ectopy. 


Prevalence: The prevalence of this syndrome is ` 


unknown, but it has been described in less than 1 per- 
cent of young men in electrocardiographic studies! and 
-in 19 percent of middle-aged men studied with short- 
term Holter recordings.? Accidental discovery of the 
asymptomatic ventricular ectopy is most common, and 
the increased male/female ratio (3:1) is attributed in 
part to the greater likelihood that men will have a 
physical examination and electrocardiogram. All 
subjects but one (Case 24) were white. Age at the time 
of study ranged from the 4th to the 7th decade, but 
ycumented evidence indicated the presence of ven- 
ectopy as early as the 3rd decade in some 

ts. Typically, these subje 


*. 


subjects were asymptomatic. . 


so 


by electrocardiographic and vector 
amination. These data and the doc 
of ectopy in some subjects may help 
mon view that ventricular ectopic 
tricular origin are generally “benigr 
Response to exercise: Striking] 
subjects all ventricular ectopy disap 
last stage of maximal exercise at m: 
This finding distinctly differs from t 
observation of developing or increasi 
maximal exercise in patients with i: 
cardiac disease.5192?-24 When comp: 
during the control or postexercise recove 
finding was highly significant (P «0.001 
Type and frequency of ectopy: Maj 
ventricular arrhythmia were manifested | 
of subjects, with 100 percent having alternat 
(bigeminy or trigeminy, or both) and 57 per 
repetitive patterns (ventricular couplet). V 
tachycardia was infrequent, occurring in on 
the postexercise recovery period, and early 
beats with an R on T phenomenon did i 
mean frequency of ventricular ectopic be 
hour diurnal cycle was greater than 10 
percent of subjects and greater than 2( 
percent. This finding indicates a 4- to 1 
of ectopy over similarly reported data in 
patients with chronic ischemic heart dise 
Consistency of ectopy: Although ec 
decreased with sleep in our subjects, as : 
tients with cardiac disorders? the fre 
tricular ectopy and the consistent appe 
and maximal grades of dysrhythmia ox 
was distinctive. Thus, the ventricular « 
subjects was not the sporadic disorder fo 
with chronic ischemic heart disease.?? _ 
Parasystole: Examination of the ven 
for the criteria of parasystole?? was perple 


coupling intervals, detected in more tha 


the subjects, reverted hours later to 
(without a change in QRS configuration 


group. Mathematically related interec 


identified in 28 percent of the subjects 
altered hours later without a change 
QRS configuration. This phenomeno 
ported in both healthy subjects?" ai 
cardiac disease? and seems indicati 
ectopy examined rather than of pr 
mechanisms or underlying cardi: 
observations rai 


. meaningf 





rug: ies bis more ifective, a al | 


dence « of side effects would be ex- 


ostic data relative to these subjects, a 
titude with regard to therapy seems 


origin f the ventricular ectopy in our subjects 
Recognized causal factors of ventricular 
ats resulting from cardiac disease, metabolic 
rolyte disorders, hypoxia, alcohol consumption, 
ve tobacco or coffee intake and pharmacologic 
re not identified. Psychologic and neural 
is’? did not seem operative in most subjects. 
genesis of the frequent complex ventricular 
mains speculative, - 
ithologic significance of the ventricular ectopy 
bjects may become clearer as a result of addi- 
'ohort investigative and natural history pro- 
ve studies now in progress. The prognostic sig- 
nce of this arrhythmia, frequently regarded as 
by eens: is undefined. We believe that the 


P bus stal | 
.. psychologic, neural and hu 
.itoccurs. . Am 


Thus our study adds ‘additional’ data 
body of kriowledge of cardiac dysrhythmia ahd f 
attention on a group of apparently healthy sub jects wh 
display a characteristic clinical syndrome of freque at 
complex ventricular ectopy. : 

Our study also calls attention to information that. 
could be obtained by using sensitive detection methods 
to conduct a sizable survey of cardiac dysrhythmia in 
ostensibly normal persons, as suggested by other i 
vestigators.*15.2? The distinction between. “apparent 
healthy” persons with subclinical disease and “norma 
persons with physiologic or physical irregularities. As 
sometimes obscured by clinical bias. It can be clearly 
established only by defining the prevalence, incidence 
and natural history of irregularities examined within. 
a population and establishing associations with path- 
ogenic mechanisms, if any exist. 

Acknowledgments | 

We gratefully acknowledge the « encouragement and critical 

review of this manuscript by Drs. Herman A. Tyroler and 4. 


Richard Warbasse, and the invaluable secretarial assistanc 
of Mrs. Ellen Chonoweth: 


References 


Averill KH, Lamb LE: Electrocardiographic findings in 
/mptomatic subjects. lil. Ventricular rhythms. Am J 
307 


irver SJ, Stevens M: The frequency of asymptomatic 
of cardiac rhythm and conduction in middle-aged men. 
:24:629—650, 1969 

arver SJ, Argyros DC: The prognostic significance 
r premature contractions in healthy people and in 
coronary heart disease. Acta Cardiol (Brux) Suppl 


AcFarland RA, Gates DC: Analysis of electrocardio- 
ed from 1000 young healthy aviators. Am Heart J 
1844 
anning GW: Detailed analysis of the electrocardi- 
.C.A.F. aircrew. Am Heart J 27:502-523, 1944 
isch C, Jordan JW: Cardiac arrhythmias observed 
eadmill exercise testing i in clinically normal men. 
331-336, 1972 
aylor HL, Hamrell B: Premature ventricular com- 
/ Stress testing. Am J Cardiol 31:441-449, 1973 
ren CA: Cardiac arrhythmias during exercise testing 
“Aerosp Med 44:286-289, 1973 
“L, Kostis J: Continuous electrocardiographic 
ring automobile driving. Am J Cardiol 22:856—862, 


ian LV, Ostrander LD: Relationship of premature 
zoronary heart disease and sudden death in the Te- 
demiological study. Ann Intern Med 70:1159- 1166, 


eys $A, Taylor | HL, et ak The sie pee) and prog 


R ventricular ectopic beats v wit h resp 


14. Marriott HJL, Fogg E: Constant monitoring for cardiac dyátiyihin à 
and blocks. Mod Concepts Cardiovasc Dis 39: 1 03-108, 1970. 

15. Lown B, Woif M: Approaches to sudden death from coronary nés 
disease. Circulation 44:130—142, 1971 | 

16. Resenbaum MB: Classification of ventricular eiitrasystoles à ac- 
cording to form. J Electrocardiol 2:289--297, 1969 

17. Mautner B, Girotti AL: Premature ventricular beats: experimental | 
study. Am Heart J 85:389-396, 1973 


18. Klein MD, Feldman CL, Flessas AP et al: Vectorcardiographic due: 


patterns of stimulated left and right ventricular extrasystoles (abstr). 
Clin Res 23:189A, 1975 
19. Bruce RA, Kusumi F, Hosmer D: Maximal oxygen intake and 
normographic assessment of functional aerobic impairment in : 
cardiovascular disease. Am Heart J 85:546-562, 1973 __ = 
20. Schamroth L: The pathogenesis and mechanism of ventricular: 
arrhythmias. in, Progress in Cardiology (Yu PN, Goodwin JR, Bd) 5 
Philadelphia, Lea & Febiger, 1974, p 75-111 SD 
21. Winkle RA, Lopes MG, Fitzgerald JW, et al: Arrhythmias i in patients E 
. with mitral valve prolapse. Circulation 52:73-81, 1975. . ; 
22. Ryan M, Lown B, Horn H: Comparison of ventricular ectopic activity : 
during 24-hour monitoring and exercise testing in patients with. 
coronary heart disease. N Engl J Med 292: 224-229, 1975. ^ 
23. Mann RH, Burchell HB: Premature ventricular contractions and " 
exercise. Proc Staff Meet Mayo Clin 27:383-389, 1952 - US 
24. Goldschlager N, Cake D, Cohn K: Exercise-induced ventricular ; 
arrhythmias in patients with coronary artery disease. Am J Cardiol $ 
31:434-~440, 1973 : 


_ 25. Myburgh DP, Gelder AL: The nature of ventricular ectopic beats. e 


in chronic ischemic heart disease. S Afr J Med Sci 48: "e 1071, : 

1974 3 | 
26. Lown B, Tykoginski M, Garfein A: Sleep and ventricular | remetur 

beats. Circulation 48:691~701, 1973 i 


: Bi ws DP, Lewis BS: Ventricular. peresyetlo i i hi yl 


re Am Heart J 82: 307-311, Monar n d d $t 





us Bradycarc dia and Atrial Fibrillation Associated W 
e W olff-Parkinson- Vhi 


Oo ko: s. .DREIFUS, ‘MD, FACC e a Thirty-three patients with atrial fibrillation associated 
IN J WELLENS, MD, FACC ` Parkinson-White (WPW) syndrome. were studied to deter 
JSHIO WATANABE, MD, FACC of sinus bradycardia and atrial fibrillation. In seven patient 
DIMITRIOS. KIMBIRIS, MD, FACC , was less than 40 beats/min and sinus nodal disease w 
\YMOND- TRUEX, PhD | | cause of the periods of bradycardia. Ventricular fibrillation 
adelphia, Pennsylvania ; cardiac arrest was documented in four instances. Twe 
sterdam, 1 The Netherlands "E demonstrated a type A and seven a type B WPW pattern. d 
of sinus rhythm. Male patients predominated. The average 
years among patients with a type A pattern compared with 2 
among those with a type B pattern. The shortest R-R cycle engt 
group was 130 msec during a period of atrial fibrillation. Five th 
serial microscopic sections were studied in one patient who de 
ventricular fibrillation. Three anomalous pathways were 
patient with the widest tract, 380 u, containing about 40! 
Most of the sinoatrial node was replaced by collagen elé 
there was widespread destruction of the atria with a mark: 
fibrous connective tissue. 

Ventricular fibrillation or functional cardiac arrest is 
rhythmia in patients with atrial fibrillation associated 
syndrome and may be responsible for sudden death in pat 
arrhythmias. Hence, precise electrophysiologic studies ar 
or surgical management, or both, are suggested to prev: 
in patients with short refractory periods associated wi ] 
and the WPW syndrome. 


In 1930, Wolff et al. described a syndrome chinenoti j 
branch block and a short P-R interval in healthy youn; 
paroxysmal tachycardia." In the years following, an abt 
tomic and electrophysiologic information has furthe 
nature of ventricular preexcitation and the mechanis 
the tachycardias associated with the Wolff-Parkinso 
syndrome.?-!? The frequent. episodes of. paroxysmal [ 
tachycardia can probably, in most instances, be as 
| | movements using both normal and anomalous atriov 
From the Departments of Medicine, Hahnemdan pathways.’ The tachycardias : are usually self-limited. h 
Medical College, and the Temple University with refractory circus movement arrhythmias, ele 
School of Medicine, Philadelphia, Pa., and the —  studies*97 may unravel the mechanism of tachycardi: 
na ect idees A iion basis for better pharmacologic control.!* In other in 
s supported in part by Grant HL-07047 from the interruption of either the anomalous pathways!6-15 
ional Institutes of eat Bethesda, Md. Man- has been necessary to eu Rn tach cardia synd 


toon 





ud 
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ses of WPW Syndrome Associated di | 
ülation o — " Materials and Methods 


Diagnosis |. Type WPW 


A combined group of 33 consecutive patients was referred 
ASHD, SSS | 


to us for evaluation of the WPW syndrome with an associated 
documented history of atrial fibrillation (Table I). All 33 pa 
tients had spontaneous periods of atrial fibrillation; 
atrial flutter as well. Twenty-six type A and seven. type 
WPW electrocardiographic patterns were recorded during 
periods of sinus rhythm. The patients with a type A pattern 
were 19 male and 8 female subjects with an average age of 38.5 
years. The average age of the patients with type B conduction 
was 25.3 years. In seven patients, the sinus rate was docu- 
mented as less than 40 beats/min in at least one 12 lead elec- 
trocardiogram or monitor tracing (Fig. 1). Continuous elec: 
trocardiographic strips or Holter monitor readings were no 
routinely made. DURO xy dei 
Ventricular fibrillation or functional cardia c arrest was 
documented in four patients (Cases 1 to 4, Fig. 2 to 4). All four 
were resuscitated with electric cardioversion. Functior 
cardiac arrest was diagnosed when the ventricular rate p 
duced circulatory arrest (Cases 2 and 4, Fig. 3 and 4B). T 
precise moment of transition from a rapid ventricular rate 
response to atrial fibrillation to ventricular fibrillation cot 
not always be established (Fig. 3 and 4B). Case 1 was | 
viously cited?! to document ventricular fibrillation after at. 
fibrillation (Fig. 2). This patient died 2 years later of meta 
static breast cancer. The heart was recovered at necropsy ani 
prepared for a microscopic serial section study. The anatomi 
and histologic data are presented in an attempt to correlate. 
RPM URN DUE: j eo electrocardiographic findings with the associated mechanisms 
ar fibrillation or functional cardiac arrest. that resulted from sinus node disease, atrial fibrillation and - 


ic heart disease; CAD = coronary artery dis- ee ea j e ; 2 d d 
heart disease: SSS = so-called me Sinus syn- ventricular fibrillation. The remaining 32 patients in this se 
"M E ries are alive. ne 
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lasting up to 4.2 seconds were noted during 





i ogic management edd an 
le length was 180 msec in Cane 1 (Fig. 1), 140 msec 
ases 2 and 3 and 130 msec in à Case 4 aung a period 


reece of these short d net 


The main portions of the cardiac conduction system in Case 
were included in 11 tissue blocks from this heart. Micro- 

scopic examination of the 5,000 stained serial sections revealed 
interesting histologic and pathologic details pertinent to the 
temortem history. 
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FIGURE 3. Case 2. Upper strips, 12 lead 
electrocardiogram. Lower strip, lead Hi, 
showing onset of atrial fibrillation and 
functional cardiac arrest, probably due to 
atrial fibrillation and ventricular fibrillation. 
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cle cells. All th ol accessory tausche bridges ap uia 
f : ures of atrial muscle cells as they crossed the 


: ventricular muscle. The anatomic location 
lations of these three tracts would have made them 


ed bs fotu mapping beens 
id SA; node The mpoce rani of all four chambers 


7 dnd 8) and ntn (Fig. 9). Most of the si- 

.) nodal cells had been replaced by collagen and 

- The portion of the S-A node shown in Figure 7 

Ye greatest number of nodal cells found throughout 

jode. In most of the sections, only a few isolated 

s were observed around the nodal artery. The de- 

of S-A nodal cells with subsequent replacement fi- 

erved i in this case is similar to, but more severe than, 

'ibed in older patients?! or patients with systemic 

hematosus.?? The myocardial cells of both atria as 

iteratrial septum showed abnormal nuclei, hy- 

d a marked increase in fibrous connective tissue. 

large pale atrial cells were undergoing fat ne- 

generation (Fig. 8). Warner et al.?? recently ob- 

ocardial necrosis and fibrous scars 3 to 14 days after 

insthoracic defibrillator countershocks delivered 

fa animals. Although our patient had more than 

tem defibrillation 2 years before her death, we 

ay how much of the atrial muscle necrosis and 

, 8) was secondary to antemortem countershock. 

cardium of the atria, especially that of the interatrial 

ontained large numbers of multilocular (fetal, 

lls. The endocardium was fibrotic and thickened 
‘as was the endocardium of the left ventricle. 

arteries and ventricular myocardium: Ath- 

s present in most of the small arteries of the 

nyocardium, particularly those in the left ventricle 

cular septum. The walls and papillary muscles 

ricle showed widespread areas of muscle cell 

d replacement fibrosis as a result of healed 


remaining a A cond à infarcted area (2, Fig.9 
is fibrous but less dense and contains many more macrophage 
with engulfed debris. The most recent area of infarction (3, 


Fig. 9) with less formed connective tissue fibers is adjacentto 
ischemic muscle cells, some of which show evidence of de- d 
generation. The preservation of viable ventricular muscle cells. ; 


(arrows) around some of the tributaries (t) of a Thebesian vein - 


(v) indicates that such vessels may afford collateral routes to, vy 
and play a nutritive role for, the immediately adjacent ven- af i) E 


tricular muscle cells after myocardial infarction. 


Discussion X 
The tachycardia-bradycardia syndrome and A 


sinus node and intraatrial disease with WPW: In ~ 


recent years, sinus nodal disorders have been identified pes 


as a basis of Adams-Stokes attacks. The generalterm . 


“sick sinus syndrome" has been used to include nu- 
merous sinus and atrial rhythm disturbances.?6?7 Ka- - 
plan et al.” have argued that these several conditions- 


FIGURE 6. Case 1. Two accessory A-V muscle bridges at 

between the myocardium of the left atrium (LA) and the later: 
.. Wall of the left ventricie (LV). One accessory. bundi E 

m the  opicardiom EM and. its muscle fiber 3 ar 





FIGURE 7. Case 1. Microscopic section through superior part 
of S-A node (SAN) and adjacent atrial cardiac muscle (ACM). 
Small bundles of nodal cells (NC) are isolated in a sea of 
collagen fibers and fibroblast nuclei. Fat cells of the epi- 
cardium appear on the right side of the photomicrograph. 
(Holmes silver stain X142, reduced by 38 percent.) 


FIGURE 8. Case 1. Hypertrophied left atrial muscle cells with 
pyknotic nuclei surrounded by increased amounts of fibrous 
connective tissue. Note the large pale muscle cells in dif- 
ferent stages of fat necrosis (arrows). (Hematoxylin-phlox- 
ine-saffranin stain X 142, reduced by 38 percent.) 


FIGURE 9. Case 1. Interventricular septum with two old (1, 
2) and one recent area of myocardial infarction (3). Note 
preservation of muscle cells (arrows) immediately adjacent 
to a Thebesian vein (v) and its several tributaries (t). Con- 
duction cells of the left bundle branch were destroyed as they 
coursed distally in the subendocardium (Endo.) of the left 
ventriele. (Masson trichrome stain X50, reduced by 38 
percent.) 
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are likely to be interrelated and that more than one ar- 


i rhythmia may be present at different times in the same 


patient. They have considered several electrocardio- 
graphic mechanisms as part of this entity: (1) sinus ar- 
rest, including atrial standstill; (2) sinoatrial (S-A) 
block; (3) failure of the sinus rhythm to follow promptly 


. electric conversions of atrial flutter; (4) marked sinus 


- bradycardia with or without atrial premature systoles; 
-.. (5) chronic atrial fibrillation with a slow ventricular rate 


AT 


not drug-induced; (6) sinus bradycardia, with recurrent 


paroxysmal atrial fibrillation; and (7) tachycardia- 
_ bradycardia syndrome. In fact, 9 of their 10 cases 


demonstrated atrial fibrillation. The identification of 


. sinus bradycardia in several patients with the WPW 
- syndrome and atrial fibrillation suggests that some of 


these patients not only have accessory pathways but 


_ other disease as well (for example, of the nodes, myo- 


; 
d 
E 
M 
mn 
is 


a 
K 


cardium, endocardium or blood vessels). Hence, it is not 
unrealistic to speculate that bradycardia-tachycardia 


“syndromes can be associated with a variety of conduc- 


^ 
N 


- tion disorders. 


Hindman et al.?? discussed the high frequency of 


- sinus bradycardia and sinus arrhythmia and the oc- 
_ currence of A-V dissociation and A-V nodal escapes as 


well as sinus arrest observed during portable monitoring 


_ of patients with WPW conduction. They implied the 
_ existence of conduction disease in addition to accessory 


rit 


- tracts or functional bypass of the A-V node. The marked 


changes in and around the sinus node as well as atria 


_ and ventricles of Case 1 support this hypothesis, for this 
_ patient with WPW conduction also demonstrated atrial 
- fibrillation and ventricular fibrillation. 


Relation of other supraventricular arrhythmias 


to atrial flutter and atrial fibrillation in the WPW 
syndrome: Durrer et al.? have shown that tachycardias 
associated with WPW conduction can be initiated or 
- terminated by appropriately timed premature activa- 
- tion of either the atria or the ventricles. The timing of 
_ these premature systoles in relation to refractory peri- 


_ods of the normal A-V conduction system, as well as the 


"accessory pathways, will determine the pathway of 
_ circus movement between the atria and ventricle. 


e 


- Dreifus et al.? had previously shown that both the nor- 


D 


_ gation of the A-V pathway promptly eliminated recur- 
 rence of the tachycardias. Hindman et al.?? documented 


mal A-V conduction system and the accessory pathway 
are necessary for the genesis of such tachycardias. Li- 


the large incidence of premature systoles during normal 
daily activity in patients with WPW conduction. This 
is important in view of the known role of premature 
_beats in the initiation of reentry tachycardias and atrial 
- fibrillation in patients with preexcitation. 
Atrial and ventricular premature systoles may result 
dn only a circus movement tachycardia. However, a 
premature atrial systole or retrograde conduction of an 
impulse from the ventricles to the atria may arrive 
during the atrial vulnerable period and thereby initiate 
atrial flutter or atrial fibrillation. Also, circus movement 
tachycardia may deteriorate into atrial fibrillation. 
Atrial flutter or fibrillation can be produced by extra- 
stimulus techniques; therefore, one should be prepared 
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for the possibility that atrial fibrillation will lead to 
ventricular fibrillation in these patients during elec- 
trophysiologic studies. 

Pathways of conduction and regulation of ven- 
tricular rate during atrial flutter and atrial fi- 
brillation: Both the normal A-V conduction system and 
the accessory pathways can transmit rapid atrial im- 
pulses to the ventricles; hence, the use of one or both 
pathways depends upon rather precise electrophysio- 
logic principles.?! Although the functional refractory 
period of the accessory pathway is frequently shorter 
than that of the normal A-V system, other factors, such 
as concealed conduction into one or the other pathway, 
may force the impulse either exclusively through one 
pathway or through both pathways simultaneously.? For 
example, if the functional refractory period of the ac- 
cessory pathway is significantly shorter than that of the 
normal A-V conduction system, it should logically result 
in conduction of all atrial impulses to the ventricles by 
way of the accessory pathway.?? However, repetitive 
concealment within the accessory pathway may force 
the impulse through the normal A-V conduction system 
intermittently or, in some instances, exclusively. In 
some cases, nearly all supraventricular impulses reach 
the ventricles exclusively or predominantly through the 
accessory pathway in the presence of atrial fibrillation, 
and the resulting QRS complexes show either a pure 
WPW contour or one distorted by incomplete ventric- 
ular recovery.??:25? Hence, these rhythms have often 
been erroneously identified as ventricular tachycardias 
whereas they are really supraventricular mechanisms 
associated with WPW conduction. In 1970 Castillo and 
Castellanos suggested that the persistence of atrial 
flutter and fibrillation could be attributed to coexisting 
atrial disease. This hypothesis is supported by the an- 
atomic and pathologic findings in our Case 1. It has been 
clearly documented that patients with atrial fibrillation 
in the presence of accessory pathways can die suddenly 
because of ventricular fibrillation.!9?-?! 

In most cases, regulation of the ventricular rate dur- 
ing atrial fibrillation in the WPW syndrome hinges 
upon the functional refractory period of the normal and 
the anomalous A-V pathway.?? Castellanos et al.32 used 
premature atrial stimulation to study six patients with 
the preexcitation syndrome. Ventricular rates during 
bursts of atrial flutter and atrial fibrillation depended 
on the functional properties of the accessory pathway. 
In three patients whose effective refractory period of the 
accessory pathway was longer than that of the A-V 
pathway, the ventricular rates did not exceed 210 
beats/min. Most of the supraventricular impulses ap- 
parently reached the ventricles through the normal A-V 
conduction system. However, in three other patients the 
refractory period of the accessory pathways was very 
short (less than 220 msec). In these patients the ven- 
tricular rates were as high as 310/min and most of the 
impulses reached the ventricles through the accessory 
pathways. These authors noted that multiple concealed 
A-V conduction occurred in both pathways, producing 
R-R pauses well in excess of the duration of the corre- 
sponding effective refractory periods. They futther 
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lentified fa factors that t determino | T | 


ate during atrial fibrillation. Most 

the finding that the duration of the ef- 

rac ory period of the accessory pathway cor- 

vith the shortest R-R interval and the mean 

ar rate during atrial fibrillation. In four of our 

(Cases 1 to 4, Table I) the R-R interval was 180 

less; in Case 4, it was as short as 130 msec. We 

ted functional cardiac arrest or ventricular fibrillation 
all four of these patients, but the ultimate fate of the 
her patients with a very short R-R cycle is unknown. 
nctional cardiac arrest was reported by Coskey and 

anzig?? in a 17 year old high school student during 
ging: the shortest R-R interval during atrial fibril- 

ation in this student was 160 msec. It is difficult in this 
se, as well as in our Cases 2 and 4, to identify accu- 

ly the onset of true ventricular fibrillation, since the 

apid- ventricular response in atrial fibrillation with 
errant ventricular conduction appears similar. 

vever, functional cardiac arrest and sudden death 

e inevitable unless immediate cardioversion is per- 


Moore and co-workers??? documented the onset of 
ventricular fibrillation in the dog, and similar obser- 
ations have been made in man.?! If ventricular fibril- 
ation develops in response to high atrial rates, the ar- 

val of the impulse in the ventricles during the vul- 
rable period must be considered. R on T' beats are 
:quently observed. 'T'o understand fully the possible 
thophysiology of ventricular fibrillation in these in- 
ices, it must be recognized that the accessory path- 
ys are actually communications between atrial tissue 
d the ventricular myocardium.™ The anatomic data 
esented i in our study support this concept. Under 
ese circumstances, high atrial stimulation rates could 
vade the neighboring ventricular fibers during ven- 
ricular vulnerability and engender ventricular fibril- 
ation. Ventricular depolarization in these circum- 
-stances would be dependent upon several factors: (1) the 
refractory period of the ventricular tissues surrounding 

. the atrial incursion; (2) organization of the wave front 

of atrial impulses traversing the accessory pathway; and 

(3) inhomogeneous conduction within the ventricular 

myocardium. One or more of these predisposing factors 

ould lead to further conduction abnormalities and 
ntricular fibrillation. The advanced ventricular 
yocardial and endocardial disease in our Case 1 (Fig. 
ould have contributed to ventricular fibrillation. 
diac disease was severe in both the atria and the 
icles and could have one to s sinus arrest 


the WPW syndrome and at 


a short refractory period wit] 
could contribute to the risk of ventric 
or functional cardiac arrest, or both. § 
young persons with the WPW syndro 
plained on this basis. One large access 
multiple small pathways associated wit 
tory periods might have increased vt 
ventricular fibrillation once atrial fib: 
tablished. The association of tachycard 
syndrome i in these patients is very lik 
sinus node and atrial disease. Such was 
and similar disease could explain th 
graphic changes in. two other patients? 
denly with the WPW syndrome associate 
ventricular tachycardias other than atri; 
Young persons with the WPW syndror 
carefully evaluated for tachycardia-brad 
dromes, particularly if they are engaged. 
sports. Older patients with the WPW synt 
careful evaluation in order to delineate 
vascular and myocardial lesions that ma 
den, unexpected death. Patients with r 
fibrillation associated with an extreme 
fractory period should be given precis: 
regimens to increase the refractory peri 
tract. Patients 1 and 4 were managed 
ministered procainamide plus proprano 
pacemaker was implanted in Case 1 becat 
of sinus arrest. After an unsuccessful ati 
rupt surgically the accessory pathway 
patient was controlled with orally ad 
cainamide. Patient 10 underwent succ 
intervention of the bypass tract after el 
mapping of the heart. ! | 
Precise electrophysiologic studies are 
identify optional treatment programs." 
shorten refractoriness of the accessory p: 
thus be hazardous for some patients.!^ Q 
cainamide and ajmaline are effective in in 
refractory period of the accessory path: 
offer an important approach to pharm 
agement of patients with the WPW syn 
baum et al. recently showed that amio 
fective in lengthening the refractory pe 
cessory pathway. In the presence of 
bradycardia it may be necessary to : 
maker, as in our Case 1. 
Patients not responding to pharma 
should be considered for surgical ma 
electrophysiologic mapping of the h 
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by (1) an upward concave elevation of the RS-T segmen 
or “embryonic” J waves, slurred downstroke of R waves 
points or both; (2) RS-T segment elevation commonly enc 
precordial leads and more distinct in these leads; (3) rapid 
in the precordial leads with counterclockwise rotation; a 


entity. Maximal follow-up was 26 years. T ne syndrome ‘was cha 


of these characteristics for many years although some | 
changes were common. Less commonly found were (5) tall F 
in the precordial leads; (6) “labile” or “juvenile” T wave 
*pseudo-R'' waves; and (8) "isolated ' negativity sy 
changes commonly simulate pericarditis, myocardi 
ventricular hypertrophy and right bundle branch block. 


It is well recognized that electrocardiograms of apparent. 
sons may show RS-T segment elevation mimicking cardi 
form of RS-T elevation was reported first by Shipley and 
by Meyers et al.? and Goldman,’ and commonly termed 
ization".* Wasserburger et al. summarized the electroc 
characteristics of this normal variant as the following 
elevated take-off of the S- T segment at the J junction o 
plex; (2) a distinct notch or slur on the downstroke of the 
upward concavity of the S-T seg: nent; and (4) symmetric 
waves that are often of large amplitude. This patter 


proximately 2 percent of adults? and appears to be most co 


countered in young black adults?7-!? although there hé 


disagreement about racial variation.!4-16 MAP ^s 

The purpose of this study was to characterize the q 
qualitative variations of this "early repolarization syndro 
long-term variations (natural history) and describe th 
graphic similarities to peric: rditis, myocardial injury, | 
hypertrophy, and even right bundle branch block. — - 

Materials and Methods 

'The Electrocardiographic Station at the Veterans Administratio 

in New Orleans has maintained a file of electrocardiograms on 


1943. From these files, the cases of all patients whose elec 
classified as showing “early repolarization” and whose serial ele 





Jd wave { | “embryonic J 

i a well define bit ceed Jw wave was not Es 
itional area from the Q 

" when the R a 

-T segment with upright 

“distinct d point" if a sharp angling point was 

parent : V waves in leads V; and V were termed 

’ when unassociated with a rightward terminal 


imb leads. 


jads V percónt: of f caeca) and V, (80 
oe leads NE (66 percent) and V; (60 per- 


ib leads, it was most prev- 


bcp — 


Prena e 


Bhd 


: roc: rdiogram of a 30 year old black man without known 
‘diovascular disease showing typical characteristics of the “early 
lon! syndrome. Note the characteristic "rapid transition 
Va to V4, the prominent J waves leads (leads V4 and Vz) 

wnstroke of the R waves in lead Ve. 


Elevation of RS-T 
Segment (mm) 


m 
Æ> 
eei 


Number of ECG's 
SS 8&8 $8 So 


FIGURE 2. Frequency and magnitude of RS-T segment elevation i in ea 
lead of the electrocardiogram (ECG). Sixty-five. electrocardiogr 
one from each patient that was most typical of the “ polariz 
syndrome, were analyzed. The frequency of FS T slevatons k 
respective leads is shown in the bottom bar graph and the mac 

of elevation is shown at top. Crosses indicate the average R 

vation in a given lead. 
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based on analysis of one electrocardiogram. from each of the 65 patients showing the most typical changes of 


‘segment displacement was allocated to the nearest 0.5 mm and five patients with minimal elevation in limb leads were 


revealed that more than-90 percent of elevations 
less than 2 mm in the precordial leads and less than 


) mm in the limb leads Table I). Forty-five patients 

o RS-T elevation in any limb lead, and no patient 

S-T elevation in the limb leads without precordial 
displacement. | 

Zorrelation of RS-T elevation with age (Fig. 4) re- 

ealed a general tendency to decreased RS-T dis- 

placement with increased age, but there was no statis- 


a 


ignificance. Chronologic follow-up of RS-T ele- 
ion in each patient revealed no consistent pattern of 
lution. In 17 (26 percent) of the 65 patients, RS-T 
ition disappeared in at least one follow-up elec- 
ocardiogram; in 48 patients (74 percent) some RS-T 
levation appeared in every recording (in 1 patient for 
8 years [Fig. 5]), but the degree of elevation varied 
greatly from one recording to another. 
waves: Analysis of the electrocardiogram from each 
| showing the most typical changes of early re- 
arization revealed that well developed or “embry- 


" J waves were most frequently encountered in leads 


2 patients), Vs (23 patients) and V, (12 patients) 
were uncommon in the limb leads (6 patients) 
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mm. Distinct J points and slurred do 
QRS complexes were noted in the lim 
leads with ak | (T 


(Table II). The height of the J waves was le 
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J Wave and 
Pseudo-R't 
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Limb leads 6 
Precordial leads 41 
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* Data based on analysis of one electrocardiogram 
the 65 patients showing the most typical changes 
ization.'' ut 

t Four patients manifested "pseudo-R''' wave in lea 
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mplitude ratio of 1 or more in lead Vi or V5 
land 5, respectively, of the 65 patients, a 
it is similar to that found in asymptomatic 


mass population study.!? Forty-six patients 


cal evidence of ventricular enlargement on 
amination and had normal heart size on 
nogram. Among the remaining 19 patients, 
ograms revealed mild to moderate cardio- 
id were unavailable in 12. The average 

ead Vs in representative electrocardi- 

46 patients with known normal heart size 

(in 9 it was more than 2 mv). This value was 

y different (P <0.001) from the average QRS 


. Study Group 


^ 
\ 
t 


s Control Group 


v3 | V5 V6 


.  Precordial Lead 

arison of the V lead QRS transitional zone in the study 

ocardiograms with RS-T elevation) and in a control 
rdiograms without RS-T elevation). The control group 

andom from numerous samples of electrocardiograms 

'' without RS-T elevation. Patients in the control group 
ge, sex and race with the study group. A statistically 
ce (P <0.025) was found. 
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waves showed no characteristic change, and the : 
plitude of U waves was less than 2 mm in all instance 
Six patients with RS-T segment elevation had promi- 
nent terminal T wave inversion in the mid- and left 
precordial leads consistent with the “labile T wave- 
syndrome” (Fig. 8A). One patient had a "juvenile T | 
wave pattern” (Fig. 8B) and another had “isolated T: 
negativity" (Fig. 8C). n 


Discussion 


The normal variant of RS-T segment elevation isa . 
well recognized electrocardiographic finding.!-5 It is - 
seen in approximately 1 to 2.5 percent? of healthy adults: 
and is more commonly encountered in young black. 
patients?^-?? although some studiest-16 have concluded. 
that there is no racial variation. In our study, 52 of 65. 
patients (80 percent) were of black racial origin and this 
prevalence was out of proportion to the frequency of the 
black population in our general inpatient population 
which has ranged from 40 to 53 percent over the years 
The wide age range (22 to 80 years) has been found in 
previous studies.!? NC 

Characteristics of RS-T elevation: The physiol g 
basis for this normal variant is not well established, but 
it is considered a result of early onset of repolarization 
of the ventricle in a nonhomogeneous manner preceded 
by the epicardial surface vector,!9 and it may be asso- 
ciated with reciprocal RS-T depression. in opposite 
leads. The RS-T elevation is most commonly encour 
tered in leads V; to V5 and is most prominent in lead į 
or transitional areas because the S- T spatial vectors are 
relatively parallel with or slightly more anterior than 
the mean QRS and T vectors.4 Because of this vector 
orientation, the repolarization vector often produces the 
most significant elevation in the precordial leads and 
is often associated with large T waves. RS-T elevation 
limited only to limb leads is uncommon, and no cases 
were found in our study. The degree of elevation is 
usually less than 2 mm but may be greater in excep 
tional cases (Fig. 3). We found persistence of RS-T el- 
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ned ications or electrolyte imbalance, but because 

a ced intraindividual variability of RS-T elevation, 

atistically significant relations could be drawn. 

QRS and J point features: The characteristics of 
ie downstroke of the QRS complex were classified into 

e types: (1) well developed J waves an *embryonic" 
waves, (2) slurred downstrokes, and (3) distinct J 
nts. These three types may be seen in one electro- 
diogram or may change from one type to another in 
bsequent electrocardiograms, but long-term follow-up 
tudy revealed no consistent pattern in any individual 
j'atient. This inconsistency could have been partly due 
0 variations in the frequency response of various elec- 
rocardiographic machines. Four patients had 
seudo-R’ " waves (Fig. 6) that mimicked incomplete 
complete right bundle branch block; however, in 
se cases the terminal QRS vector was not directed 
the right but anteriorly and slightly leftward in the 
rizontal plane. This “pseudo-R’” wave probably 
nsists of a fusion of a terminal component of the QRS 
n plex and the J wave. The patient whose tracing is 
shown in Figure 6 was admitted to the hospital for 
suspected pulmonary embolism because of chest pain 

and. the “abnormal electrocardiogram.” 


group studied (Fig 7). T QRS 
icking left ventricular hypertiepby i 
leads (Fig. 2) was frequently encoun 
with no other evidence of ventricular el 
in general, QRS voltage in lead I remained n: 
the intrinsicoid deflection was not delaye 
acteristic of unusually tall T waves, ofte 
with this variant, ^ was not noted in o 
greater age of our patients may explain th 
Abnormal T wave patterns: Eigt 
sented with various T wave changes k 
T wave pattern (six patients, Fig. 8A), 
pattern (one patient, Fig. 8B) and ' 
negativity" syndrome (one patient, Fig 
eight had evidence of heart disease. 
sometimes closely. mimic pericarditis 
epicardial injury.?? Many patients with th 
elevated RS-T segments that return to t 
line after exercise?21?? or negative T waves tha 
upright after intravenous administratio 
salts or propantheline bromide.?? Wh 
neuvers are of significant diagnostic val 
separating “normal” from “abnormal” subjec 
to be established. 
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! Ointment on the Clini 
ponse to Exercise 


RKER, MD, FACC The effects of nitroglycerin ointment (15 mg nitroglycerin) on hemo 
AUGUSTINE, MD namics at rest and during exercise were studied in 12 patients with cor 
onary artery disease and exertional angina (angina group) and in 8 pa- 
tients with normal coronary arteriograms or with nonsignificant arterio- 
graphic abnormalities who did not have exertional chest pain (nonangina 
group). In both groups at rest nitroglycerin ointment induced within 15 
minutes a significant decrease in left ventricular end-diastolic pressure 


that was sustained for at least 60 minutes; systemic arterial pressure al: 
decreased within 15 minutes and continued to decrease during the 60 
minutes of observation. By 30 to 60 minutes there were significant 
creases in cardiac index, stroke index, left ventricular stroke work in 
and tension-time index. P Memes upd 
During exercise performed 60 minutes after receiving nitrogly 
ointment, 10 of the 12 patients in the angina group had no pain, whe 
2 had delayed and less severe symptoms. Hemodynamic observation 
during this exercise period revealed significant decreases in left ventr 
end-diastolic pressure, systemic pressure and tension-time index 
values in the initial exercise period; heart rate remained unchang 
data document the protective effect of nitroglycerin ointment | 
of at least 60 minutes and also suggest that the beneficial effects are 
related to a reduction in myocardial oxygen requirements. — 


Sublingually administered nitroglycerin is the most widely used í 
in the symptomatic treatment of angina pectoris due to occlusive co 
nary artery disease. In addition to having a beneficial effect on sym 
toms, it is known to improve left ventricular performance and myocardi 
metabolism when administered before a stress such as exercise or pac 
ing-induced tachycardia.'? However, these effects are limited b 
relatively short duration of action. Other nitrate drugs have been dem 
onstrated to have a more prolonged period of action although consid 
erable controversy exists as to the duration of action and efficacy of suc 
long-acting nitrates.?-19 | AMNEM . 
Nitroglycerin ointment has also been used for many years to trea 
angina pectoris. This preparation has been shown to improve exercise 
tolerance for up to 3 hours,!!:? but no detailed information is availa 
| regarding its hemodynamic effects. This study was undertaken to as 
oit em Medicine CardiosPul- the clinical and hemodynamic effects of nitroglycerin ointment.. H 
oen's University, Kingston, and during exercise in patients with coronary artery disease. _ 
t Foundation (72-13) Methods 
Council of Canada 
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heir response to the 
| to induce chest pain within 


nts were studied in the fasting state and were given 
g of orally administered Nembutal® 45 minutes before 
g to the hemodynamic laboratory. Under local anes- 
the brachial artery and an accompanying vein were 

| the right antecubital fossa. A no. 8 single lumen 
and catheter was passed into the right side of the heart 


the tip lay in the pulmonary artery. A no. 8 Sones 


* 


r was inserted into the left ventricle from the right 
hial artery and the left brachial artery was cannulated 
ith a Teflon? needle using the Seldinger technique. Lead I 
the electrocardiogram and pressures from the pulmonary 
artery, brachial artery and left ventricle were recorded during 
a 15 minute control period. Cardiac output was measured in 
luplicate during the final 3 minutes with the dye-dilution 
nique using indocyanine green. Supine leg exercise was 
i carried out for 7 minutes while the electrocardiogram was 
tinuously monitored and pressures were measured during 
3rd, 5th and 7th minutes. The cardiac output deter- 
on was repeated during the final 2 minutes of the ex- 

se period. - . | 
jen minutes after completion of the initial exercise 
d, hemodynamic measurements including cardiac output 
nade in all patients. Then approximately 3 cm of 2 
cent nitroglycerin ointment (15 mg) was applied to an area 
proximately 230 cm? on the anterior chest wall. The 
t was covered with a plastic wrap and left in place 

mpletion of the second exercise period. 

mod ynamic observations at rest were carried out 15, 30, 
60 minutes after application of nitroglycerin ointment. 
ving the hemodynamic observations at 60 minutes, a 
| period of exercise was carried out at the same work load 


ary of Hemodynamic Effects of Supine Leg Exer 


HR ie tanta ara rrt T Gn trem 


 LVEDP' PAMP HR 


BAMP | 
(mmHg) (mmHg) (beats/min) 


(mm Hg) 


Hop 
- 
NO 
PE 


He pk 
mind 
— 
te 


NPOODOnN | 
Eee foe P 
Noo 


dob 

"^ — — -— Qd oA 

PROSPER He te 
Q0 b Or OO 0 


He 

N) 

KI Op ma 
oe e Me oit 
mod. 

mà d OO CO OO 
GIO ma o a 


b+ 


77:8 
105 +4 
8344 


-eight remaining 


(L/min/m?) 


ANNO GO 
C2 tO 00 QD Nb md 


sures were measured over at. 


the mean pressures in the brachial and | 
were obtained electronically. Recording 
25 mm/sec but for determination of left vent 
pressure, a high sensitivity was employed with 
mm/sec. 9] Le 
The left ventricular stroke work index in 
culated using the formula LVSWI = SI x (BA 
X 13.6/1,000 where SI = stroke index in n 
meter and BAMP = brachial arterial 
LVEDP = left ventricular end-diastolic 
ters of mercury. A modified tension-time inde 
as the product of peak left ventricular sy 
heartrate.. 00 000000002000 
Coronary arteriography: Selective 
ography and left ventriculography were 1 
all 20 patients. Twelve patients were founc 


coronary artery disease with gr 


struction in at least one coronary artery; 5 
umented previous myocardial infarctio 
left ventriculograms were normal in si 
nesia in 2 and focal or generalized 


atients, 5 had minimal ir 


coronary arterial tree but no significant 
and 3 had normal coronary arteriograms 
|. . Resis 
Each of the 12 patients with signif 
tery disease experienced angina pectc 
initial period of exercise (angina group). 
within 2 to 6 minutes (average 3.4 mit 
sisted until exercise was terminated. Tt 
with minor coronary arteriographic irre; 
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he fhitial e exercise iid the patients with 
ested the abnormal hemodynamic re- 
nly seen during exertional angina. Left 
d-diastolic pressure increased to an av- 
mm Hg (P <0. 001); there was no sig- 
stroke index or left ventricular stroke 
minutes after administration of ni- 
were significant decreases from re- 
he resting values for brachial arterial 

P «0.01), left ventricular end-diastolic 
001), cardiac index (P «0.01), stroke 


selon time index (P «0.02), Heart rate 

ge significantly but was higher than the 
ng value (P «0. 005). "This finding may indi- 
adequate time was allowed before recovery 
obtained. A significant decrease in cardiac 


9———9 ANGINA 


_ 9----9 NON- ANGINA 


terial mean Medie decreased within 15 min 
continued to decrease over the hour. The resp 
exercise after nitroglycerin was quite normal. 
parison of hemodynamic data during exercise before 
and after administration of nitroglycerin demonstrated 
significant decreases in brachial arterial mean presst 
(P «0.001), left ventricular end-diastolic pressure. 
<0.001) and tension-time index (P <0.005) but no sig 
nificant change in heart rate, cardiac index, stroke ind 
or left ventricular stroke work index. | .. : 
During the second exercise period, 10 of the 12 pa 
tients experienced no chest discomfort, and in 2 | 
was delayed and less severe than during exercise bef 
drug administration. Six patients had S-T segment 
depression of 2 mm or more during the initial exercise 


TABLE Il 


Summary of Significance of Changes (P Values) at Rest and 
During Exercise After Nitroglycarin Ointment l 


Control [Ex 


Recovery | 
Recovery Versus 
Versus Nitroglycerin 
Exercise Ointment | 


NS = not significant; other abbreviations as in Table L 
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onse toé exercise i in n this g group differed from 
sponse of the angina group. The increases in left 
ricular end-diastolic pressure and heart rate were 
d both stroke index and left ventricular stroke 
k index increased significantly. After nitroglycerin 
here were significant decreases in brachial arterial 
an pressure, left ventricular end-diastolic pressure, 
ventricular stroke work index and tension-time 
ex. Cardiac index was significantly decreased by 30 
ni tes (P «0.025) but was not significantly different 
m recovery values at 60 minutes. As with the angina 
sup, heart rate showed no significant change com- 
red with recovery data although there was a signifi- 
| increase from initial resting values (P «0.02). The 
onse to exercise after nitroglycerin was normal. 
ymparison of the two exercise periods revealed sig- 
cant decreases in brachial arterial mean pressure (P 
101), left ventricular end-diastolic pressure (P 
001), stroke index (P «0.01), left ventricular stroke 
index (P «0.005) and tension-time index (P 
>); heart rate and cardiac index showed no signif- 
change. 


Discussion 


Our study demonstrates that nitroglycerin ointment 
n produce rapid changes in hemodynamics that per- 
r at least 60 minutes. In patients with coronary 
disease. these changes: are associated with im- 

re exerci tolerance and enhanced left ventricular 


th of M ations, hearers has 
n shown to dilate coronary: vessels. h normal 


o-—-o NON- ANGINA 


iee héral ne M arteriolar lile 
duces ventricular preload, afterlo 1 
and, therefore; x myosertial Er 


bros lvcorin aaaea are ; similar i 
pn ead administered e 


pressure and. systemic | : "SS 
change in filling pressures | 


sent the effects oF i nimcgh ceri o on veno 
vessels and peripheral arterioles. Th 

the angina group was significantly redi 
minutes of the application of nitroglyceri oi 
even at 60 minutes was significantly low 

the control period. Similar changes in 
were seen in the nonangina group althou 
utes the differences were not significant. 1 

in cardiac index possibly reflects the per 
dilating effects of nitroglycerin in the pre 
mal left ventricular filling pressures. In left 
failure, however, flow is maintained or increas 
ventricular filling pressures decrease with. 
tion of nitroglycerin.?9?! Thus, 60 minutes 
glycerin there was a decrease in brachialar 
pressure, tension-time index, left ventricula 
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| ren a after. nipbalyeeria A 
det rminant . of. oxygen requirements of the 


ex of tension as calculated by the tension- 
. does not take into account the important 
f left ventricular volume in determining wall 
any given pressure load. Thus, since left 
volume probably decreased after nitro- 
al wall tension decreased even more than 
he reduction in tension-time index. 
.of action: The study protocol did not 
make observations on the duration of ac- 
gh 'cerin ointment, but hemodynamic data 
indicate persistence of these effects for 
13.20 Exercise capacity was improved 60 
application of nitroglycerin ointment. 
idy!? with nitroglycerin ointment in- 
se capacity: was demonstrated 3 hours 
dministration: In our study, both exercise 
re of equal duration. The time of onset for 
g the initial exercise period averaged 3.4 
ge 2 to6 minutes). It is possible that the 10 


sothide dinitrate h has been Io io nive. bene ici 
fects within 5 minutes, but its duration of action 
clear. Different reports suggest that its beneficial cl 
effects and hemodynamic alterations persist for 45 
120 minutes.?57.19 Orally administered isosorbide c 
nitrate may have significant effects within 30 minut 
of ingestion, and these effects may persist for up to 
hours.? The continued absorption of nitroglycer 
through the skin, which avoids early passage throug! 
the portal circulation, may be responsible for the pro 
longed effect of nitroglycerin when it is used in thi 
fashion. We have no information about development o: 
drug tolerance because none of our patients had previ 
ous exposure to this form of drug administration. _ 

Clinical implications: Our results suggest that the 
administration of nitroglycerin in ointment form n 
be valuable in the prophylaxis of angina pectoris, : 
further investigation of this treatment is warranted. The 
sustained hemodynamic effects also suggest that t 
agent may be useful in the management of complica 
acute myocardial infarction. 20 
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Severe prolapse of the mitral valve wee was seen 
h cundum tyr al lal 


recent years. Initially i in porn P ly 
frequent association with ostium secun ad dum dicas sept 
pointed out. No explanation has been offered for this ! 
here our data on the coexistence of these cardiac abnort 


Peewee and N 


of mitral valve i pa witha an a defect i is found a at all : ge 
evaluate the ultimate incidence in the adult population, we exclude 
. analysis the small children of our experience since prolapsing of 
may develop or progress with bod growth. The case materia 
prospective and retrospective series: > XP 
_ 1. All of 92 patients more than 15 years of age operated : onf 
| secundum atrial septal defect at the Texas Heart Institute afi iid 
underwent preoperative cardiac catheterization studies that in 
ventricular cineangiogram in either the posteroanterior or the 
oblique projection. At operation, the status of the mitral valve was a 
the aim of detecting any prolapse of the leaflets, dilatation of ihe 
elongation or rupture of the chordae tendineae. The preoperative lini 


uation was also focused on possible coexistence of mitral valve prolaps 


“2. The records of all 281 patients more than 15 years of age opera 
| Soin between 1956 and Deret er 


vation of the mitral MR at operation. 


Results 
















ed surgery for mitral regurgitation. | 


an atrial septal defect were present in all 
of both | groups with the prolapsing mitral valve 
idrome. In one patient in each group, there were no 
ociated auscultatory findings of mitral valve ab- 
mality. In all four Group A patients significant mi- 
regurgitation was associated with a holosystolic 
nur of variable intensity at the sternal border. In 
:roup B patients the existence of mitral regurgi- 
prolapse of the mitral valve was not suspected 
diac catheterization. A midsystolic click was 
rd in only two Group B patients, one of whom had 
stolic and the other a holosystolic murmur. One 

nal patient in Group B had a late systolic mur- 
Jnly 3 of the 16 patients in the prospective group 
ejection click, but the majority had either a 
Cae murmur. 





















gh = findings: Eleven patients had a sizable 
n defect bu to the location of an 





alve ordin 
pt c ive Series 


jen 1956 and December 1969, a total of 702 pa- 
ad surgical closure of a secundum atrial septal 







7 T valv syndrome] Nine of the 92 Aor per- ws defect of ram 122 e 
and 159 aged 35 to 69 y 


ination: The typical auscultatory 


Jeenalat CARDIO AAV Valkema on 





















mitral valve, in retrospect « cons them prolapsed 
mitral valve syndrome, was described at urgery i 'innine. 
patients, two in Group A (1:6 percent) ; nd seven i 
Group B (4.4 percent). In all, a holosystolic murmur had 
been described. No patient was recorded as having a 
nonejection click. Two patients had atrial fibrilla: 
and one a nodal rhythm. The surgical findings and 
natural history of these nine patients are interesting... 
Group A (age 15 to 35 years): One of the two patients in - 
this group had mitral valve replacement at the time of the epo 
closure of the atrial septal defect. The second had a mitral rae 
valve annuloplasty in 1966, with an initially good result. At ^ = 
that time the chordae tendineae were not ruptured. However, - | 
severe mitral insufficiency became evident in 1969, and he had . 
a mitral valve replacement in 1972. At this time rupture of the _ 
posterior chordae was seen. QM 
Group B (age 35 to 69 years): In four of the seven patients __ 
in this group the mitral insufficiency was not corrected at the Low 
time of the initial operation. Three of the four were operated a 
on before 1963, when no acceptable mitral valve prosthesis was ^.^ 
available. One of them died 17 days postoperatively with 
congestive heart failure. One has persistent moderate mitral 
regurgitation but is not yet considered a candidate for valve a 
replacement. A third patient had closure of the atrial septal -. 
defect in 1967; chordal rupture was not found. By 1969, mitral 
regurgitation was clinically judged to be severe. At mitral valve 
replacement in 1973, a rupture of the posterior chordae ten~ 
dineae was seen. The fourth patient had closure of the atrial 
septal defect in 1962. Mitral regurgitation was evident but. 
judged to be mild, and the chordae tendineae were intac 
Three years later bacterial endocarditis developed with the ™ 
onset of severe mitral insufficiency. At mitral valve replace- 
ment in 1966 ruptured warty-appearing chordae tendineae 
were seen. The patient died on the 5th postoperative day 
In three Group B patients annuloplasty was performed s 
multaneously with closure of the atrial septal defect. One 
patient had an Ivalon® patch reconstruction for mitral re 






















































t of the m ral: valves was t ined in in 1965. At that 
vas bseived: that the annuloplasty had broken down 
hat the posterior chordae tendineae were ruptured. She 
ec on the 1st postoperative day. 


ologic Examination - 


n one patient from the prospective series and in the five 


om the retrospective series, histologic examination of the - 


excised mitral valve revealed myxomatous degeneration, said 
"be. characteristic of the prolapsing mitral valve syndrome 


Discussion 


Our findings are senerallyi in agreement with previous 
ata. Others?? have noted that a pansystolic murmur 
more frequent than a late systolic murmur when mi- 
'al valve prolapse is associated with a secundum atrial 
eptal defect and that midsystolic clicks are infrequent. 
'here is no good explanation for these observations or 
yr the prominence of the click after closure of the de- 

fect. Victorica et al.4 noted that the click became more 
distinct in two patients after operation. It is our un- 
ocumented impression that at least 30 percent of pa- 
nts operated or for closure of a secundum atrial defect 
ill have a postoperative midsystolic click. 
-Betriu et al? described some patients whose pro- 
ipsed mitral valve was diagnosed only at angiography, 
nd we had two such patients whose clinical evaluation 
vealed only : a secundum atrial defect. 
Left axis deviation, an unusual electrocardiographic 
ing in uncomplicated secundum atrial defect, has 
on noted in some cases with mitral valve involvement 
> to the. prolapsed mitral valve.*5 As stressed by 
esaty; care should. be taken i in such cases to exclude 
stium. rimum defect. 3 


-prolapsing valve rd e NN siete l 


considered benign,” but progression o 
paratus malfunction has been seen, ang 
docarditis is known to occur.!° Such pro 
valve deterioration was noted i in four of 
whom we were able to inspect the valve 
vals of 2 to 6 years. In all four patients ct 
occurred between the first and second 
case possibly because of intervening 
carditis. These observations lend furthe 
belief!! that mitral valve prolapse lead 
gurgitation and chordal rupture more fr 
is appreciated and that it is responsible foi 
percentage of nonrheumatic acquired mi 
tation cases seen in adults. 


Treatment: The increased number of 


with clinically important mitral regurgite 
ciation with secundum atrial defect sugg 
course of patients with atrial septal defi 
entirely benign after surgical treatment 
who have a midsystolic click postoperati 
didates for potential further difficulty 
valve. These patients should be evalua 
since some of them may require furthe 
ment of the mitral valve. Children who 
cessful surgical closure of a secundum 
should be observed for the presence of 
click at least until they attain adult stat 
evidence of mitral prolapse, perhaps. a 
should be given during periods of risk 
against bacterial endocarditis. | 
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Changes in the duration of monophasic action potentials on the anter 
and posterior walls of the dog ventricle were correlated with chang 
T wave polarity and duration of the Q-T interval after (1) left stellat 
ganglion transection, (2) right stellate ganglion stimulation, and (3) ac 
ministration of- isoproterenol before or after these procedures. Left stelia 
ganglion transection and right stellate ganglion stimulation produced 
similar changes in T wave polarity, but the former prolonged and the latt € 
shortened the Q-T interval. Ail procedures changed the duration of the 
monophasic action potential and the Q-T interval in the same direction 
The reversal of T wave polarity induced by left stellate ganglion tran 
section, right stellate ganglion stimulation or administration of isoprotereno 
after left stellate ganglion transection was associated with an avera 
change of 13 to 17 msec in the difference between the monophasic actio 
potential durations on the anterior and posterior ventricular walls,” i 
Isoproterenol restored to normal the neurogenic T wave abnormal 
produced by left stellate ganglion transection and right: s i ellate geno li 
stimulation. The drug shortened the previously prolot ng jed r i 


the normal monophasic action potential more than the ecoa di h 
ened monophasic action EA This study Moe tle as t S e 


by which isoproterenol “normalizes” the primary T re abn 
ties. | x 


Neurogenic abnormalities of ventricular repolarization in man hay 
known for more than 2 decades.'? However, there is still no agre 
concerning the mechanism and the clinical significance of these 
malities.? In the dog, conspicuous T wave abnormalities can be pre 
by stimulation^*? or ablation? of the stellate ganglia and by stimulatio 
of sympathetic nerve branches. Yanowitz et al. and Kralios et al.® hav. 
shown that these neurogenic abnormalities are associated with localiz 
changes in the duration of the functional refractory periods of the ve 
tricular myocardium. These changes have been attributed to locali 
changes in the duration of individual ventricular action potentials, 
the validity of this assumption has not yet been a d 
mented. ae 

In our clinical studies’ neurogenic T: wave abnormalities ‘cou 
transiently abolished by small doses of isoproterenol adi i 
travenously. However, the. effect of is sopr nol was nc 


-. -patients with central nervous syst 
T ized" all primary T wa 





| ctrodes f : ai hfully re- 


f transmembrane action = 


vious studies we utilized the 

qu phasic action potential recording in 
o study the sequence of ventricular repolarization? 
»e specificity and sensitivity of primary T wave 

) rmalities.! 10 In this study we report correlations 
ore and after administration of isoproterenol be- 
en the monophasic action potential and T wave 
janges in dogs with neurogenic T wave abnormalities. 
Our results support the assumption that neurogenic T 


ave abnormalities are associated with regional changes - 


1 duration of the monophasic action potential? and 
xplain the mechanism of T wave "normalization" 
roduced by administration of isoproterenol.’ 


Methods 


enge dogs weighing 11 to 18 kg were anesthetized with 
ravenously administered sodium pentobarbital (30 mg/kg 
ody weight) and ventilated with a Harvard respirator. The 
est was opened with a midsternal incision. A bipolar stim- 
ting nichrome wire (diameter 0.06 mm) electrode (Driver 
arrison Co.) was attached to the right stellate ganglion. The 
heart was suspended in a pericardial cradle. The sinoatrial 
node was crushed, and a bipolar Grass E2B platinum electrode 
was attached to the right or left atrium. The atria were paced 
h a Medtronic pacemaker (model 5800) at the slowest rate 
juired to overdrive the spontaneous rhythm (range 120 to 
) beats/min). Another bipolar electrode was sutured to the 
ace of the right ventricle for ventricular pacing. The car- 
urface was covered with sponges soaked in warm saline 
tion. "These: sponges were replaced before each recording. 
ardiac surface was heated by means of two model L510 
-proof surgical lamps (Wilmont Castle Co., Roch- 
Y) as. described previously.? The temperature on the 

ic surface in individual experiments ranged from 34° to 
but the difference in temperature between different 

rding sites in each experiment was less than 1? C. 

lectrocardiographic recordings: We recorded simul- 
usly three orthogonal X, Y and Z electrocardiographic 
of the system designed: for the dog by McFee and Par- 
,!! and two monophasic action potentials from the epi- 
rdial surface of the ventricular myocardium with a Hew- 
Packard. multichannel ditect-writing recorder on paper 
wing 100 mm/sec. Ventricular monophasic action potentials 
re recorded with bipolar suction electrodes, as described 
eviously.? They were acceptable if (1) the amplitude ex- 
eded 25 mv, (2) the course of repolarization was smooth, (3) 
‘ial and ventricular pacing produced identical tracings and 
O or more consecutive monophasic action potentials were 
dentical. One monophasic action potential was recorded from 
he anterior surface of the left ventricle in the region con- 
a ning test points 9, 11 and 13 in the dogs studied by Ya- 
iowitz et al. (Fig. 6 of Reference 5). This. region was chosen 
Jecause it was the site of the greatest changes in functional 
act ‘ods after ight. stellate Lapa eee 5. An- 
I : ded. from: the 


on containing _ it 


Stellate potes ase stimulation or tra 
experiments we excised the left stellate ganglioi 
thoracic sympathetic chain (T1 to T5). T 
ganglion was stimulated with a Grass S-48 
seconds with a train of pulses: with an ar 
volts, a duration of 2 msec and a frequency 
of stimulation artifacts, no satisfactory ele 
and monophasic action potentials could be 
the stimulation. The electrocardiogram and 
action potentials were recorded immediate: 
the stimulation and every 30 seconds ( 
utes. de 
Isoproterenol administration: (sb 'ote 
ministered in a 5 percent aqueous dextrose o 
by rapid hand injection into the main. 
through a 23 gauge hypodermic needle in do: 
Electrocardiograms and monophasic actior 
recorded every 30 seconds for 5 minutes af 
In each experiment the dose of isoprotere 10 
preliminary trial by gradually increasing 1 
achieve greater than 5 msec shortening of 
action potential without accelerating the hea 
rate of pacing and without inducing ven 
This dose was kept constant in each dog durin 
except for several experiments after stellate 
section (see Results). : : 

In most experiments, isoproterenol was adi 
before and after stimulation or transection 
ganglion. In each experiment the monophas 
was recorded from the same site before anc 
tration of isoproterenol. The potentials befor 
stellate stimulation were also recorded f 
However, the recording site after left stella 
section was usually changed because the ar 
monophasic action potential recorded before 
tended to decrease during the 20 to 30 minute 
to complete the transection. Whenever it was. 
change the site of application of suction, the: new 
was within a few mm of the old site. 

The paired Student's t test was used to € 
tistical significance of the results. A value of 
considered significant. | 


Results 


Control Experiments 


The electrocardiograms and the mono; 
potential recordings resembled the recor 
in previous studies.»9.102 The T wave in thi 
positive and notched, or anus d that is 
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FIGURE 1. Effect of 3 ug of isoproterenol (ISP) infusion on the elec: 
trocardiogram and monophasic action potentials on the anterior (A) and. 
posterior (P) walls of the left ventricle. The numbers show the durations 
of the monophasic action potentials and Q-T interval in msec. See text. 
Tracings retouched for clarity. 
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FIGURE 2. Effect of left stellate ganglion transection (LS 
on the electrocardiogram and monophasic action 
tentials. Isoproterenol (3 ug) was administered aft: 
transection. See text. Tracings retouched for clarit 
Abbreviations as in Figure 1. 
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ositi T: wave (Fig. 1 
egative T wave. Table I shows that. Tak pit (3 to 
g) shortened the anterior monophasic action poten- 
| duration slightly more than the posterior but 
P) after isopr Xterenol was not significantly dif- 
t from the control value. Isoproterenol shortened 
: T interval! but did ü not enon e change t the 


! Ds in eight dogs ft stellate g ID. Ina it experiment 


. 2) after left stellate ganglion transection the QRS | 


m; lex did not change, the Q-T interval became 
r, the duration of the P-R interval increased from 

o 135 msec, and the diphasic T wave in the Y lead 
ime deeply negative; left stellate ganglion transec- 


fect of Isoproterenol on Monophasic Action Potential 
durations on the Anterior and Posterior Walls and on the 
Anterval in Nine 2 Dogs (10 Experiment 


Net ISP 
Before ISP After ISP Effect 
, (msec) imsec) (msec) | 


235: 22 
223 + 21 
+12 2+ 9** 
284 + 26 


es e; qug as mean t standard. deviation. 

)z difference. between | durations. of simultaneously record- 
ophasic action potentials. on the anterior and posterior left 
lar. walls; ISP = isoproterenol; MAP-A and MAP-P = mono- 
ction ‘potential on, respectively, the anterior and posterior 
The. statistical significance | of differences between MAP-A 

n the vertical columns is marked by asterisks, and be- 

sin the horizontal c columns by daggers; *, t = P «0.001; 


After LST Net ISP 
Before: {SP After ISP Effect 
_tmsec) ; BIA “o (msec).. (msec) 


dosi t negative. od oodi T wave ch 


ally for several hours, until the dog 
mary of the experiments (Table ID ; 


lengthening of the monophasic aótio p 


posterior wall (P), had no significan 


terior monophasic action potential: 
A(A-P) from plus to minus. The eff 
phase 3 could not be measured i 'at 
decrease in amplitude of 1 the m 


‘tential during the period 


stellate ganglion transection. Left 
transection increased the a rage di 
interval by 10 x7 msec (mean : * stan 
«0.005. | rs 

The effect of isoproterenol after rle 
transection: was studied in eight dogs 


t 


by 5 to 20 beats/min I before admini rat 


TABLE H 


Effect of Left Stellate /Gasiglion Trans 
Monophasic Action Potential Durations oi 
and Posterior (P) Walls and on the Q- T Inte 
Dogs (Eight ECT | B 


Before Se See 
(msec) 

MAP-A 268 + 44 | 
MAP-P 260 + 45 
A(UA-P) +8 + 6* 
Q-T 295 + 47 
Values expressed as mean * standard deviation 

LST « teft stellate transectión; other abbreviati 
The statistical significance of differences bet 
MAP-P in the vertical columns is marked by aster 
values in the horizontal columns by daggers; - 
P «0.01. | 


TABLE iV 


Effect of Right Stellate Ganglion Stimulation PT 
Monophasic Action Potential Durations on the Anterior 
and Posterior (P) Walls, and on the O-T Interval [ ‘ight 
Dogs (16 Experiments) 


After RSS 
(msec) (msec) os 


Before RSS 


245 + 24 
232222 
+1328 





ol value. Table THI shows that isoproterenol 
A-P) from —4 + 6 to +10 + 9 msec. The 

| not significantly different from control 
ables I, II and IV. 


langlion Stimulation 


ts of right. stellate ganglion stimulation 

‘igure 3; the QRS complex did not change, 

val decreased from 124 to 110 msec, the 
shortened, the T wave became deeply 

in the Y lead and both monophasic action po- 
ned, but the shortening effect was greater 

or than on the posterior wall. Similar ef- 

ed inol other experiments (Table IV). Right 


RSS+iSP 


77UÜ “ANTERIOR O———O ANTERIOR 


roo © POSTERIOR i Ls L POSTERIOR 


an 
S 
s 
- 
A. 
wat 
3 


NET ISP EFFECT 


T WAVE 
POL ARITY 


ass t 


RSS* + 
.OASP 


K posterior (B) walls after ane stellate ganglion stimulation 
? course after right stellate ganglion stimulation alone. B, 
M. ganglion stimulation followed by administration of 


2, comparison of A(A-P) after right stellate pemi 
i) and right stellate ganglion stimulation plus iso- 
B E ne f MAPY on the abscissa, the same time 


. interval by 13 + 4 msec (P<0.001) 


sobroterenolr restored the stellate i ganglion 
wave to the control level, _ 
and shortened monophasic : 
anterior and posterior - 
'eater on the posterior than — 
-P) became more similar - 


-. to minus. This: effe 
- of left stellate ganglion 


stellate ganglion stimulatio ge P-R _ 
| id did not change 
significantly the slope of phase 3 of the monophasic 
action potential. CRM 
The effect of isoproterenol on the mongphisisic. actio 
potential and T wave changes induced by right stellate 
ganglion stimulation was studied in eight dogs (1t oy 
periments). Figure 4 shows the method used to estimate 
the effect of isoproterenol on the course of spontanec 
recovery after termination of right stellate gangli 
stimulation in one of these experiments. Before rig 
stellate ganglion stimulation, the anterior wall mor 
phasic action potential was 14 msec longer than the 
posterior wall potential. Thirty seconds after the en: 
of right stellate ganglion stimulation (arrow in Fig. 4A), 
the monophasic action potential shortened more on the 
anterior than on the posterior wall, and therefore the — 
latter potential became 10 msec longer than the former. _ 
However, 90 seconds later the effect of right stellate — 
ganglion stimulation dissipated and the anterior mo- . 
nophasic action potential was again longer than the 
posterior potential. Figure 4B shows the course of re 
covery in the same dog, when isoproterenol was ad: 
ministered after termination of right stellate ganglion 
stimulation. Figure 4C compares the time course o 
A(A-P) after right stellate ganglion stimulation al 
and after right stellate ganglion stimulation plus: 
proterenol. It can be seen that isoproterenol decrease 
the right stellate ganglion stimulation-induced A(A- 





renol on the 
A(A-P) was 


with the net effect of isoproterenol on A(A-P), that is, 

the differences between the change in A(A-P) without 

with isoproterenol. At 30 and 60 seconds after the 

of infusion, the net effects of isoproterenol on 

ere 8 and 12 msec, respectively; these effects 

associated with reversal of T wave polarity from 

tive to positive. In this experiment isoproterenol 

elerated the reversal of right stellate ganglion stim- 

lation-induced changes in T wave polarity by 60 sec- 

onds. The results in other experiments were similar. The 

eversal of right stellate ganglion stimulation-induced 

T wave changes by isoproterenol was associated with a 
change in A(A-P) of +11 + 7 msec (P « 0.001). 


ombined Left Stellate Ganglion Transection and 
ight Stellate Ganglion Stimulation 
The combined effects of left stellate ganglion tran- 
section and right stellate ganglion stimulation were 
studied in one dog (Fig. 5). The effect of left stellate 
ganglion transection alone was similar to the effect 
shown in Figure 2. After right stellate ganglion stimu- 
lation, the T wave became more deeply inverted in the 
]ead, and the Q-T interval shortened by 4 msec. The 
uration of the P-R interval was 110 msec before and 
20 msec after left stellate ganglion transection, and 105 
asec after left stellate ganglion transection plus right 
llate ganglion stimulation. Administration of iso- 
oterenol after left stellate ganglion transection plus 
ight stellate ganglion stimulation reversed the T wave 
larity and shortened the Q-T interval. This change 
vas associated with greater monophasic action potential 
shortening on the posterior than on the anterior wall. 


Discussion 


Effects of left stellate ganglion transection and 
ght stellate ganglion stimulation: Electrocardio- 
raphic changes induced by left stellate ganglion tran- 
ction and right stellate ganglion stimulation resem- 
ed previously reported changes produced by the same 
r similar procedures.^ In agreement with the results 
-of Yanowitz et al., we found that left stellate ganglion 


This difference in results may 
-of the following factors: (1) Difi 
.. of Q-T interval determination 
terval in three simultaneously re 
^ nowitz et al. in only one lead. 


single lead may be less accurate if the term 
portion in this lead happens to be iso 
ference in the technique of nerve 
stimulated the intact ganglion in all ex 
Yanowitz et al. stimulated in some 
intact ganglion, and in some experiments 
of the cut ansa subclavia. Stimulati: 
ganglion is more likely to be associat 
mediated stimulatory effect on the c 
than stimulation of the distal end of tl 
(3) Absolute magnitude of change it 
recovery: In many of our experiment 
monophasic action potential duration 
changes in the duration of functional ref 
reported by Yanowitz et al. after simila 
Monophasic action potentials : 
periods: In our study, left stellate gan 
prolonged the monophasic action 
posterior wall and right stellate gangli 
shortened this potential predominantly 
wall of the ventricles. These changes ii 
related well with previously reported 
fractory periods after similar proc 
lengthening on the posterior ventricular 
left stellate ganglionectomy,° and she 
anterior wall after stimulation of the rig! 
cardiac nerve.® E E 
We? have previously stated that con 
between the changes in monophasic 
and the refractory periods may be expe 
ventricular action potentials (1) exhibit t 
tion between the recovery of excitabil 
membrane potential, (2) have the same slog 
3, and (3) differ from each other in du 
cause of different durations of phase 2. Ou 
studies showed that all monophasic action 
on the ventricular surface had the same sl 
39 and that monophasic action potential 
caused by isoproterenol was due almost exi 
the shortening of phase 2.!° In additio: 
study shows that right stellate ganglion sti 
shortened the monophasic action potenti 


ransection prolonged the P-R interval, and that both 
eft stellate ganglion transection and right stellate 
'anglion stimulation induced T wave inversion in the 
longitudinal (Y) lead without QRS changes. A similar 
-T wave inversion in the longitudinal lead was also found 
by Kralios et al after stimulation of the right recurrent 


cardiac nerve. In our study, the T wave inversion was 


changing the slope of phase 3. This observati 

explain the agreement between the changes in di 

of the monophasic action potential and the dura 

of refractory periods after stimulation of right-s 

cardiac nerves.® Our study provides addition 

that the refractory periods faithfully represe 

quence of ventricular repolarization. — — 

Changes in monophasic action potential 
and Q-T interval: In this study, all procedures: 
the durations of the monophasic action po 
the Q-T interval in the same directic s 

< shortened after administration of is 

Land HI) or right stellate gang 

IV) and lengthened after left 





d 
e 910  . 
onophasic action potential duration 
arity: Uniform shortening of the mo- 
potential in control experiments was 
hortening of the Q-T interval but no 
ge in T wave polarity. The reversals of 
induced by left stellate ganglion tran- 
late ganglion stimulation and admin- 
proterenol after left stellate ganglion 
? associated with an average change in 
|7 msec. The average change in the Q-T 
ie three procedures ranged from 14 to 
similar magnitude of the changes in 
Q-T interval suggests that the mono- 
potential in the intramural or subendo- 
did not lengthen more or shorten less 
phasic action potential on the ventricular 
e experiments, reported previously,!? we 
rence between the magnitude of isopro- 
d shortening of the monophasic action 
ferent layers of the ventricular wall. Our 
de additional evidence that the T wave 
ndicator of relatively small changes in 
he action potential.!5 
zation" of neurogenic T wave abnor- 
ical implications: Isoproterenol changed 
ity and restored the control T wave con- 
ifter both left stellate ganglion transection 
tellate ganglion stimulation. In each case, 
ol produced unequal shortening of the mo- 
n potential on the anterior and posterior 
entricle and thereby restored the normal 
n their durations. After left stellate 
tion, isoproterenol shortened the pre- 
red monophasic action potential more 
I potential; after right stellate ganglion 
t shortened the control potential more 
iously shortened potential. 
sults of our experiments in dogs are applicable 
malization of the T wave after administra- 
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the abnormally prolonged action potentials.!6 E 
Pathogenesis of the neurogenic T wave abnor- 
malities in man: The typical electrocardiographic 
pattern of cerebrovascular accident characterized by a 
conspicuous increase in T wave amplitude, prolongation: 
of the Q-T interval by 20 percent or more, and an oc- 
casional increase in U wave amplitude is not common P 


among patients with central nervous system diseases. v. 


We found this pattern in 32 percent of patients with 
intracranial hemorrhage and in less than 10 percent of = 
patients with other central nervous system diseases.) _ 
However, an identical pattern may appear after trans- . 
abdominal truncal vagotomy for treatment of peptic. 
ulcer disease!’ or after assumed destruction of the 
sympathetic nerve fibers during radical lymph node 
dissection of the right side of the neck.!8 E 
Unilateral stimulation of right-sided cardiac nerves 
would not be expected to produce a typical pattern of 
cerebrovascular accident since in our study this pro 
dure shortened the Q-T interval. Left stellate gangl 
transection prolonged the Q-T interval, but it 
prolonged the P-R interval, which is usually short 
in the typical human pattern of cerebrovascular. 
dent.'? The pattern most similar to that of cereb 
vascular accident in man appeared in the experimet 
with combined left stellate ganglion transection an 
right stellate stimulation (Fig. 5). This procedure in- 
duced a conspicuous change in T wave amplitude 
prolongation of the Q-T interval and shortening of thi 
P-R interval. This similarity suggests that the patter 
of cerebrovascular accident in man may be due to some 
combination of stimulation and inhibition of differ 
portions of sympathetic centers, presumably in th 
hypothalamus. Further studies will be needed to 
this assumption and to elucidate the precise mechan 
or mechanisms of the typical pattern of cerebrovascul 
accident in man. es ceo A 
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sympathetics and represents a direct neural link between the centrs 
nervous system and the heart. Its electric excitation elicits characteristi 
shifts in pacemaker and tachydysrhythmias related to its explicit inner- 
vation of the inferior atrial, atrioventricular (A-V) junctional and ventricular 
tissues. Total denervation of the canine heart, sparing the ventrolatera 
cardiac nerve, produced a long-term model in which only these portion 
of the heart retained their sympathetic innervation. The trained unanes 
thetized model dog was subjected to severe exercise in order to determine. 
the effects of elevated levels of sympathetic tone upon these important : 
regions of the conduction system. Reproducible tachydysrhythmias were: 
elicited in all six animals completing the regimen of periodic testingove 
a period of 136 to 378 days after operation. The abnormal rhythms con 
sisted of shifting cardiac pacemakers and supraventricular A-V junctiona 
and ventricular tachycardias with frequent premature systoles. Compa 
rable abnormalities were not observed in a similarly tested sham-operate ; 
animal or in dogs with a totally denervated heart. The exercise-indut 
dysrhythmias gradually disappeared with time, presumably. in relation 
to autonomic reinnervation of the heart. The characteristic patter ns ol 
dysrhythmia are explainable on the basis of anatomic distribution of tl 

ventrolateral cardiac nerve and upon its presumed influence upon Purkinje 


fiber and A-V nodal automaticity and temporal dispersion of refractoriness 
in myocardial tissues. 





Recent reports from this laboratory! -6 have described the disciliafion. 
of the autonomic cardiac nerves in the dog and presented evidence thai 
the majority of nerves enter the heart along the superior vena cava. 
around the great arteries, and project onto the superior surfaces of 
right and left atria. Fibers of left-sided origin also enter the heart later 
from the ventrolateral cardiac nerve. Differential distribution to 
sinoatrial (S-A) and atrioventricular (A-V) nodes? suggests that: 
might selectively deprive one or the other of these important carc 
regions of its innervation, thus disrupting the balance. of alton 
supply. 

Neurally induced sinus tachycardia requires intact innervation di the 
S-A node. Dysrhythmias of nodal (or junctional): origin may be elicited 
by direct electric excitation of selected thoracic. nerves after ablation 
the S-À nodal and atrial nerve supply. It is thus possible to drive the A- 
node and junctional pacemakers to high rates by stimulating. thes vi ' 
trolateral cervical cardiac nerve or infusing norepinephrine.” 2,7-9 F 
thermore, it has been shown ‘that hoe oe activati 0 li 


taneous recordings of the lead Il elec- 


together with contractile force from the 
right atrium (RAF) and right ventricular 


d Len 


stain a portion of their sym- - 


f esponses of such a model dog 


ie re lightly anesthetized with intravenously administered 
odium pentobarbital (30 mg/kg) and placed on positive 


'ressure respiration. With aseptic procedures, the heart was 


posed through a left thoractomy, both thoracic vagi were 


solated immediately distal to the caudal cervical ganglion, 


d the right and left stellate ganglia were prepared for electric 


mulation. Walton-Brodie strain gauge arches were sutured 
o the right atrial and right ventricular conal surfaces, and 
Il bipolar silver electrodes were applied epicardially over 

he S-A node, the inferior right atrium and the right ventric- 
ular conus. A lead II electrocardiogram and systemic arterial 


lood pressure were also recorded on an eight channel model 
| Grass polygraph. Square wave stimulation pulses were de- 
ivered to the thoracic vagi (20 hertz, 5 msec, 4 to 6 volts) and 
o the stellate ganglia (10 hertz, 5 msec, 4 to 6 volts) from a 
Grass model S5 stimulator. Stimulation variables were mon- 
tored on a Hewlett-Packard 120 B oscilloscope. Recordings 
were made, with and without autonomic nerve stimulation, 
before and immediately after surgical ablation of the S-A 


denervation of all tissue 

tissues was accomplished. 

— The surgical procedures employed included careful tran- 
section around the complete circumference of the superior 


IGURE 1. Preoperative data. Simul- 


ocardiogram (ECG) and S-A nodal 
(SA), inferior right atrial (INF. RA) and 
ght ventricular (RV). electrograms, 
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In some animals the bipolar ele 
upon the S-A node, inferior right atrium a 
the electrodes being brought throu 
through the skin on the back of the neck. T 
loosely closed, the ribs were approximate 
was closed in layers. Thoracentesis was 
sidual air from the chest cavity. No extrao 
ative care was necessary except for administra 
agents. All animals were ambulatory on the 
day and were started on treadmill exercise wi 

. Results 

Preoperative control tracings: Figure. 
results of electric stimulation in the open ch 
mediately before neural ablation. A normal 
and sequence of electrical activation. (the. 
first, followed by the inferior right atrial an 
ventricular electrograms) were accompanie 
contractile force recordings from the atrium 
Blood pressure was stabilized at 145/120 mr 
rate at 155 beats/min. Electric excitation of tł 
cervical vagosympathetic trunks elicited | 
bradycardia or asystole, together with depr 
cardial contractile force. Recording of an esca 
stimulation of the right cervical vagus (middle 
retrograde spread of excitation from an abn 
probably below the A-V node, with almost : 
development of a beat after cessation of sti 
latter beat was clearly supraventricular in origi 
electrode on the inferior right atrium than 
but with relatively normal transmission througl 
and to the ventricles. Responses to right a 
stimulation revealed expected alterations in 
contractile force, the former with a clear supr 
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mained in tact. 1 jection of Xylocai ne? (0.5 ml, 2 pe 
lution) di into the ventrolateral cardiac : erve dista 
of stimulation eliminated this response. 

| Treadmill tracings: Figure 3 illustrates a type o 

_ rhythmia that developed in an animal standing quietly on h 
treadmill 1 day after surgical transection of all nerv 
tions onto the heart with the. exception of the ventrc 
cardiac nerve. Direct electrograms reveale precedence yi 
or close t to othe SA node a ea dhy the inferior righ | | 
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similar because of the presenc 
intact ventrolateral cardiac : 
distribution to the heart. Chara 
teristic dysrhythmias were- al 
elicited by electrical stimulat 
the intrapericardial. ventrol 
nerve after operation, ar 
were eliminated by the inject 
Xylocaine directly: into the ni 

a point distal to the. stimulati 
electrodes. Abbreviations as 
Figure 1. 
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FIGURE 3. “Sihiniansous rec cordin 
leads 1, Land lil of the electr 
gram,. together with “vijole 

; from the S-A- 





ed to discharge at a reg- 


ight P wave with a normal P-R inte 
jn. After three success 


cular systole occurred, followed again by essentially normal 
upraventricular cycles. 0. 000 000 
Figure 4 illustrates the respons log that had sustained 
milar partial denervation some 50 days postoperatively. 
uring quiet standing on the treadmi ipper panel, control), 
e cardiac rhythm spont lated from a supra- 
intricular and. probably- rhythm to a paroxysmal 
tachycardia having an A-V nodal or junctional focus. The 
tachycardia became exaggerated during the stress of exercise. 
he final panel (top) demonstrates the inability of atropine 
control the dysrhythmia. On the following day, the same 


animal (lower panels) was again subjected to treadmill exercise 


ith resulting induction of tachycardia having a junctional 
. During the tachycardia, propranolol was injected in- 
venously with consequent attenuation and abolition of the 
rhythmia. Zu 
tress-related cardiac dysrhythmias: Twelve animals 
ere prepared by cardiac denervation sparing the ventrola- 
al nerve. Six of these 12 were introduced into a regular 
eadmill exercise regimen, and all 6 successfully completed 
an extended series of experiments involving exercise and 
treatment with pharmacologic blocking agents and procedures 
: designed to identify the presence and mechanism of stress- 


. om, 
I MEL 


ll-- ar em 


ts, a premature ven- — i 


5) did atropine 


reinnervation by way of the vagus. A-V 


occurred in one dog (VLCN 9) during exercis 
first 45 days postoperatively. Atropine regular 
A-V block, and propranolol abolished the. 
rhythmias that developed during exercise 
is assumed that in this animal fibers from 
vagus were left intact as they swept acro 
artery and into the atrial and A-V nodal re 
of the left superior pulmonary vein. The exe 
dysrhythmias became more difficult to indu 
after operation, presumably because of th 
nervation of different portions of the hea 
nerves reestablished autonomic “balance”. 
Severe exercise then resulted simply in mt 
of supraventricular origin as in control anc 
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1. Type of Dysrhythmia. 


m Coupled ventricular PVCs; ventricular 
“tachycardia 


P couples beats; shifting supra- 
¿ventricular pacemakers: junctional 

Voc rhythm; PVCs: ventricular 
o 5 tachycardia 

_ . Shifting pacemaker; atrial fibrillation; 
». = *¥entricular tachycardia; junctional 

— rs rhythm; coupled beats; sinus brady- 

. @ardia on day 172 


Evidence | ofa few intact parasympai héde t fibers (blocked: - 


by atropine). Sinus arrhythmia present on day, 304 | 
(blocked by atropine) i 

Coupled beats and shifting pacemakers: present dar n 
trol periods and exaggerated during exercise. Atropine 
without effect; propranolol caused reversion to sinus - 
rhythm 

Multiple dysrhythmias observed during exercise. Pacèmake 
repeatedly shifted from supraventricular to junctional. 
Propranolol abolished dysrhythmia. Atropine abolished 
bradycardia on day 172 


: "Ventricu lar tachycardia; PVCs 
Junctional rhythm; A-V block 


|. PV€s; shifting pacemaker; bigeminy 


"None 


- No systematic dysrhythmias 


e ventricular contractions. 


the animals were killed at the end of the time 
able I with an acute experiment in which 
inotropic and dromotropic responses to sym- 
ind vagal trunk stimulation were examined. All 
gnificant degrees of reinnervation, ranging from 
il responses in the longer recovery periods to 

ite reinnervation after the shorter periods. 


Discussion 

iode receives a generous innervation, pre- 
oth sympathetic and parasympathetic 
rrhythmias of nodal (or junctional) origin 
sult from excitation of the left stellate 
cted cardiac nerves.2:? It is possible to 
ally isolated A-V node at excessively high 

ans of adrenergic stimulation, and the “an- 
tions of vagal input to this region have 
strated by many workers. An “imbalance” 

1 the 


j Set role in t A fein ee model for study 
, lisa i A dues to Btich “imbalance” in 


imas the vols of the autonomic 


cone ed i mn definite and illustrated 


Atropine had no influence until day 157, When: it acceler- 
ated'heart rate. Propranolol caused reversion: of tachy-" 
cardia to sinus rhythm 
A-V block consistently induced during exercise » labotishad. sj 
atropine}. Evidence for residual parasympathetic fibers. n 
Propranolol abolished junctional rhythm | | 

P wave configuration changed, with. shortening PR menai. 
on days 1, 2 and 4. Exercise accentuated pacemaker shifts. 
Atropine without effect; Propranolol caused reversion to. 
sinus rhythm. 

Pericardium opened and bipolar slactiodas sutured in place. 
Surgical denervation not performed 

Run on treadmill in manner identical to series with intact | 
ventrolateral cardiac nerve. No sinus arrhythmia, no ` 
response to atropine or propranolol. Slowly accelerating - 
heart rate during exercise. 


disturbances are much more common during activatio 
of highly localized sites within central nervous system 
structures.14-16 Centrally generated dysrhythmias m 
involve much more discrete autonomic activation « 
local areas within the myocardium than electrical 
stimulation of selected cardiac nerves can produce. - 

Mechanism of induced dysrhythmias: We cannot 
rule out either reentry or rapidly firing ectopic foci as 
the cause of the tachydysrhythmias encountered in this 
model. Cardiac nerves are known to be concentrated in 
the junctional zone!?-1? and in ventricular muscle. It is 
our unproved thesis that the tachydysrhythmias in- 
duced in our model are related to this distribution 
fibers within the ventrolateral cardiac nerve, and thz 
focal or even multifocal zones of hyperautomaticity an 
altered refractoriness may be established as a result 
their excessive (or imbalanced) stimulation. 

The recent observation by Urthaler and James? t 
Tetrodotoxin® produces vagal and sympathetic neu 
blockade in the A-V junction, but does not block th 
direct actions of acetylcholine or norepinephrin 
suggests this substance in proper dose levels may pro 
vide important insights into the mechanisms of dys 
rhythmias induced by the ventrolateral cardiac ne 
Urthaler and his group”! have also kieres | 





u ced by adrenergic neral 
appears t to ber more aere E 


- bserved thata an 3 important is 


1 dering pacemakers” and the 
‘gence of single or multiple. ectopic beats during 
autonomic activity is the differing sensitivity 
and response characteristics of the various po- 
ntial pacerhaker sites. They state that because A-V 
l conduction i is sensitive to changes in rate and 
thm, autonomic influences can indirectly affect the 
iracter of A-V conduction by the changing coupling 
ervals. Even during constant pacing, changes in A-V 
duction time modified the effective coupling interval 
at which subsequent. beats were conducted. Our ex- 
periments suggest a further complication of these 
phenomena i in the event of damage to either the vagal 

or sympathetic component and resulting “imbalance” 
in neural influence Mn selected. portions of the con- 

i cting system. | 


Implications of study: The spe 


2 the ventrolateral cardiac ner 
2 ventricular region: of the c: 
portance in the developme 

- Electrical stimulation of t 


maker from high right atria 

junctional regions in approxi 

tested.23?4 Its stimulation is a 

cilitation of conduction throug 

Spear and Moor ?2 have called at 
liminal effects on A-V conduction 

out during conduction of premature 
thermore, activation of the ventrolate 
through left stellate ganglion stimu! 
expected to increase Purkinje fiber a 
temporal dispersion of refractoriness 
muscle.!? Thus, the animal model describ 
many uses in demonstrating ways in. w 
nomic nervous system may play a sign 
inducing cardiac dysrhythmia. 
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The threshold for ventricular fibrillation induced by a 200 msec train 
pulses was measured during a control period and durin j an intraveno 1 
infusion of nitroglycerin in 14 nonischemic open chest dogs. Infusion 
nitroglycerin in doses sufficient to reduce mean arterial blood pressur 
an average of 17 mm Hg was associated with a rise in v entricular fibril 
lation threshold from a control value of 24 + 3 (mean +1 standard error 
of the mean) to 41 + 6 milliamperes (P «0.001). In a subgroup of sk 
animals simultaneous infusions of nitroglycerin and phenylephrine abol- 
ished the hypotensive effect of nitroglycerin but did not significantly alter 
the rise in ventricular fibrillation threshold observed with nitroglyceri 
infusion alone. in five other animals mean arterial blood pressure was 
similarly reduced an average of 17 mm Hg by venous hemorrhage, bu 
was associated with a lowering rather than a rise in ventricular fibrilla 
threshold from a prehemorrhage. value of 28 + 6 to 15 + 2 milliamp 

(P <0.005). Thus, intravenously administered nitroglycerin raises v 
tricular fibrillation threshold in nonischemic canine myocardium inde- 
pendent of its hypotensive effects. mE 


In addition to its time-honored role as an antianginal agent, nitroglyc 
has been shown to improve left ventricular function in patients wi 
acute myocardial infarction.'? Furthermore, it reduces myocardia 
ischemia'?-? and enhances ventricular electrical stability9-9 after isc 
emic injury in man and in the experimental animal. l rs 
Recently, it has been shown that nitrates can improve left ventric 
function in patients without ischemic heart disease.? The purpose of t 
investigation was to determine whether nitroglycerin can also alter 
electrical stability of nonischemic myocardium, as measured by. 
ventricular fibrillation threshold. | 


Methods 


.. in duration and 8 msec apart, for a total 
. grammed to begin 50 msec after the on 


15 paced beats. After delivery of 





. I Boer 


zd LM oe ee ee 


Tc eames ee » e^ 


le darn was creat ih ween nde ulive. droit 


eshold values represent the average 
two to four consecutive determinations. 
rterial blood gases and. body temperature were monitored 


tricular fibrillation thr 


p riodically. Arterial pH was maintained between 7.35 and 


7.45 by regulating the respiratory rate and tidal volume set- 
tings of the Harvard respirator. Only one animal required 
ravenous administration of sodium bicarbonate (total of 
mEq) to maintain arterial pH above 7.35. Arterial oxygen 
sion was kept. above 60 mm Hg without the need for sup- 

om ental oxygen. dd temperate. was maintained between 


oe conditiones 
Sentral: In three normotensive animals allies fi- 


EN Ventricular fibrillation threshold was 
sured during a control period in 14 normotensive animals. 
lycerin (75 ug/ml of 5 percent dextrose in water) was 
dministered at increasing infusion rates by Harvard 
n pump until systolic arterial pressure decreased to 15 

1 He Below t the: control level. Thereafter, the infusion 


. For all treated animals - 


i 


2 3 4 
Hours J|. 
FIGURE 2. Ventricular fibrillation threshold (VFT) 
control animal during a 6 hour infusion of 5 perct 
Time in hours is shown along the abscissa. Ventricul: 
threshold in milliamperes (ma), shown along the ordinal 
than 10 ma during the experimental period. 


Venous hemorrhage: In five additiona 
animals ventricular fibrillation threshold wa 
during a control period and after venous hemo 
hemorrhage was accomplished by withdrawa 
blood/min from a femoral vein until systolic ar! 

was decreased to 15 to 20 mm Hg below the con 
degree of hypotension was comparable to that 
nitroglycerin-treated animals. - 

Statistical analysis was performed by Stu 
paired data. Results are expressed as mean value 
error of the mean. 


Results | 
Control: In the three us mee h 


cent dextrose: in 1 water (Fig 2). o 
Nitroglycerin treatment: In the 14 

with nitroglycerin alone, ventr 

threshold increased from an average 


x3 1041. t 6 millia ap 





phen vidrio logon : — a 


ed ae a rise in i ventricular | 


Control TNG 


IGUR 3. 5 Effect of an intravenous infusion of nitroglycerin (TNG) on 

ular fibrillation threshold (VFT) and mean aortic blood pressure 

14 normotensive animals. Measurements were obtained during 

period and during an intravenous infusion of nitroglycerin. Left 

and solid line depict ventricular fibrillation threshold in mil- 

nt eres (ma): right ordinate and broken line depict mean aortic blood 

sure in mm Hg. Values are expressed as the mean +1 standard 

mean. | *p <0.001 compared with control level. There is 

ignificant increase in ventricular fibrillation threshold and reduction 
leat aortic blood pressure during infusion of nitroglycerin. 


TNG TNG+ Q SO PTNG+0 


t of simultaneous intravenous infusions of nitroglycerin 
rine on ventricular fibrillation threshold in six animals. 
obtained during a contro! period, during nitroglycerin 

during simultaneous infusions of nitroglycerin and 

@), and 90 minutes after both drug infusions were 

90' BTNG + $). Abbreviations and display as in Figure 
025; tP «0.01 compared with control values. 

on threshold remained. significantly higher than 
simultaneous infusion of nitroglycerin and phen- 


ration of mean ac ort Taree pressure to control cA 


Frdod to 27 + 10 o illaa aia a pers not i 
cantly different from the control value, although 1 mean 
arterial pressure was slightly but. significantly lower 
than the control level (98 +6 mm Hg, P «0.01). Le 
ventricular filling pressure tended to decrease in parallel 
with changes in mean aortic blood. pressure. Left ve: 
tricular end-diastolic pressure, measured in four an 
mals, averaged 5 mm Hg during the control period an 
decreased to a mean of 2 mm Hg during infusion of r 
troglycerin. During simultaneous infusion of nitro- 
glycerin and phenylephrine, it returned to a mean of 5 
mm Hg and remained at that level 90 minutes after both. 
drug infusions were discontinued. 

Venous hemorrhage: In the animals uideo: 
venous hemorrhage, mean arterial pressure was reduced 
an average of 17 mm Hg (from 99 + 5 to 8246 mm Hg, 
P <0.001), and left ventricular end-diastolic | pressure, 
measured in four animals, decreased from a mean of 
to a mean of 2 mm Hg. In contrast to findings i in th 
nitroglycerin-treated group this reduction in mean ar 
terial pressure and left ventricular end-diastolic pres 
sure was accompanied by a lowering rather than a ri 
in ventricular fibrillation threshold (from 28 + 6 m 
liamperes in the control period to 15 + 2 aan 
after venous hemorrhage, P «0.005) (Fig. 9. 


Discussion 


Nitroglycerin has been shown to enhance the al 
trical stability of acutely ischemic myocardium. Int 
experimental animal intravenously administered | ni 


Control WE SON 


FIGURE 5. Effect of venous hemorrhage on ver 
threshold and mean aortic blood pressure in five. 
tensive animals. Values were obtait 


.. venous hemorrhage. Abbre 
|... 0.005 compared with con: 
in ventricular fibrillation thi 


c despite. Pypotension inier 


He. animali- 





glycerin has pavarsia to S lectense the fre: 


of ventricular premature beats during the first 
urs after acute myocardial infarction in man.? This 
crease in electrical stability has been attributed to a 
duction in myocardial ischemia accompanying ad- 
‘ministration of nitroglycerin.!9-5? However, the results 
“of our study show that the electrophysiologic effects of 
nitroglycerin do not require the presence of myocardial 
ischemia. Intravenous administration of nitroglycerin 
| doses sufficient to cause a decrease of 17 mm Hg in 
mean arterial pressure resulted in a significant rise in 
ventricular fibrillation threshold above control values 
in a group of nonischemic normotensive animals. In 
three control animals given. nitroglycerin i in 5 percent 
dextrose in water at comparable infusion rates, ven- 
tricular fibrillation threshold measurements were shown 
to be reproducible over a similar time period of 6 hours. 
= Our findings also suggest that the effect of nitro- 
glycerin on ventricular fibrillation threshold is largely 
independent of this drug's peripheral hemodynamic 
effects. During simultaneous infusion of phenylephrine, 
an alpha adrenergic agonist, ventricular fibrillation 
threshold remained significantly higher than control 
values, although mean arterial and left ventricular 
end-diastolic pressures were restored to pretreatment 
ontrol levels. Kent et al. noted similar findings in the 
ischemic canine preparation. In their study, when 
phenylephrine was added to nitroglycerin in a dose 
sufficient to restore arterial pressure to control levels, 
the rise in ventricular fibrillation threshold persisted 
_ or was enhanced. 
In our investigation the effect of hypotension on 
ventricular fibrillation threshold was also studied using 
venous hemorrhage to reduce systemic arterial and left 
entricular filling pressures to a level similar to that 
chieved with infusion of nitroglycerin. Hypotension 
duced by hemorrhage was associated with a significant 
owering of ventricular fibrillation threshold compared 
th the rise in threshold produced by infusion of ni- 
lycerin. Smith et al.19 reported analogous findings 


er acute coronary ligation in dogs. They noted a de- | 


vase in the sum of epicardial S-T elevations (ZST) 
ien afterload was reduced by nitroglycerin, but an 
ease in EST when hypotension was induced by 
morrhage. Thus, hypotension and a decrease in ve- 
ous return as such appear to have adverse influences 
the electrical stability of normal myocardium as well 
unfavorable effects on acutely ischemic myocardium. 
relation between hemorrhage and ventricular fi- 
Matt ran threshold i is BG complex, since hem- 


duction i in mean arterie [pressure 


Mechanisms o ot Action 


Anen raises the CAM 0i 
lation is uncertain. Nitroglycerin 

to the heart by causing peripheral Š 
This results in a decrease in left vel 
stolic pressure and volume and, by th: 
in a reduction in intramyoente di 


consequent to peripiarl arian id 
duction in wall tension results in ad 
cardial oxygen consumption. It is « 
reduction in myocardial wall tensio: 
sumption might improve intramyocarc 
and diminish the dispersion of effecti 
riods, thereby enhancing the resistance 
fibrillation. However, our data on simultar 
of nitroglycerin and phenylephrine- tend 
mechanism since ventricular fibrillation 
mained significantly higher than control val 
though wall tension determinants rose to pret: 
levels. It is also possible that a decrease in lef 
ular volume might alter the contact between tl 
ulating electrodes and the myocardium, and ; 
crease the required current strength to produ 
tricular fibrillation. This mechanism also seem: 
in view of our studies with venous hemorr 
revealed a lowering of ventricular fibrillatio 
despite a decrease in left ventricular filling p 
presumably, ventricular size. AE 
Increased myocardial perfusion: Ni 
may also act through a direct effect on the co 
circulation to increase oxygen supply to relat 
derperfused subendocardial regions of myoc: 
Using radioactive microspheres, Becker e 
onstrated in dogs that after coronary ligati 
nously administered nitroglycerin causes a sig 
redistribution of myocardial blood flow fro 
to endocardial layers. ‘This increase in sube 
perfusion occurs in both nonischemic an 
areas of myocardium, and it persists even aft 
blood pressure and heart rate have returned. to 
levels. Winbury!? similarly showed that intrav 
administered nitroglycerin can produce a sele 
crease in endocardial PO; tension in the absence o 
significant increase in overall coronary blood flo Fhe 
extent to which regional changes in coronary blood f 
affect ventricular fibrillation threshold is unknow 
although one might anticipate more uniform conduc c 
and less dispersion of effective refractory periods w 
endocardial blood flow and oxygen de very. ‘are e 
hanced. | 
bes stimulation: Another possible y n sechanis : 
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Each effervescent tablet in solution supplies 25 


potassium as bicarbonate and citrate. 


* Convenient dosage 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficienty may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 


D JOHNSON & COMPANY * EVANSVILLE, INDIANA 47721 U.S.A, 








* Economical 


tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 


MJL54:15 


` ~ 
n T scat 
s T ER " " - =o y" 
| 
rA ey , 
eos y 
* U 
— c RR 


* Two easy-to-take flavors 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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. Lithium Mercury 


_ USABLE LIFE—5-6 YEARS USABLE LIFE—3 YEARS 


... WEIGHT—100g WEIGHT—155g 
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.. Advantages: 


Siemens was one of the first to 
develop a lithium powered pace- 
maker with double the usable life 

of mercury models. While not the 
first to market one, our additional 
testing and research has produced a 
group of lithium pacemakers with 
significant advantages. 


The smooth, rounded contour and 
slender profile has proved very 
comfortable for the patient. 


The basic rate of 70 impulses per 
minute is maintained throughout the 
life of the pacemaker. The basic 
rate is not dependent upon battery 
voltage and thus it does not decline 
during its useful lifetime. 





CALL COLLECT FOR A LITHIUM PACEMAKER DEMONSTRATION OR WRITE FOR LITERATURE. 


[] Please call for an appointment to demonstrate Siemens-Elema lithium pacemakers. 


ae 


> 


Two distinct cell depletion indicators 
are offered only in Siemens-Elema 
lithium pacemakers. A magnet test 
rate drops from 100 impulses per 
minute to 85 per minute indicating 
aging. A drop in basic rate from 70 to 
60 impulses per minute makes the 
patient aware of need for replace- 
ment prior to a 3-month safety 
period, These tests are especially 
important in pacemakers with 5 to 12 
years usable life. 


QRS-inhibited Model 207 has an 
impulse duration of 1.0 ms and 
Model 217 has an impulse duration 
of 0.5 ms. While somewhat more 
expensive than mercury pacemakers, 
the cost per year of usable life is 
25-30% less. These two 6-year 
lithium pacemakers are 33% thinner 
and lighter than mercury models 
offering 3 years usable life. Patient 
comfort is increased, incidence of 
irritation and perforation is 
significantly reduced. 


Our Model 187 lithium pacemaker 
(.75 ms impulse duration) offers up to 
12 years usable life. This model also 
is only 5%” (17 mm) thick, while 
overall volume and weight is similar 
to a3 year mercury pacemaker. 


[] Please send literature describing Models 187, 207 and 217. 











PHONE NAME 
ADDRESS 
CITY STATE ZIP 


Pacemaker Division « Elema-Schonander, Inc. + Box 128 * Elk Grove Village, Illinois 60007 * 312/640-6460 
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Stable electrical parameters 
throughout the pacemaker's life. 
Practically insensitive to interference. — 
For extra safety, the pacemaker x 
switches from the inhibited modein | 
the event of unusually strong fields of — 
interference. 3 


Defibrillation-proof. 
Run-away protection. 


Pacemaker housing is hermetically- 
sealed titanium; the lithium-iodide 
cell is also hermetically sealed for 
greatest reliability. Pulse amplitude 
decreases only 0.8V from beginning 
to end of estimated pacemaker life. 3 F 
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digitalis sẹ / 
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ilting adelicate balance. ~~ 
Certain diuretics such as thiazides, furosemide, 
and ethacrynic acid may remove potassium and the 
resulting potassium deficit can rapidly trigger arrhythmias 
in the digitalized patient. Of course, potassium supplements 
should not be administered with any potassium- 
sparing diuretics such as spironolactone and triamterene. 
3 





Kaon CL 


(potassium chloride) 





20% 


Offers an economical, convenient 
therapeutic dose to correct hypokalemia 
or treat mild digitalis intoxication. 





CONVENIENT, ECONOMICAL DOSAGE 
m One tablespoon (15 ml.) 


provides 40 mEq. each of potas- | 3 
sium and chloride...nearly twice 
the potassium content of most | 


single effervescent tablets or Mu S 
au T EE STE 












packets of powder. l Y 
OO nla | 
m Pleasant Cherry Flavor: | RUE 
One tablespoon (15 ml.) mixed with | i 
six fluid ounces of water or other $1  . 


liquid, few palatability problems are 
encountered. Kaon-CL 20% must 
be diluted before administration 

to avoid gastrointestinal irritation. 1 


(See brief summary on following page fo pre 
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- toxication. During therapy serum potassium levels id. = 
. be monitored and the dosage titrated to Bu ve the T COMPUTER-RECORDER-MONITOR 
. . desired clinical and laboratory effects. Kaont 20% is 

. also indicated for the prevention of ornant uA 


( i when the re or intake of diete inadedu 


CTUM supplements are con- 
ents with hyperkalemia since a further 


(oe el ts | cardiac arrest. Hyperkalemia may 
CO mplic: : e following conditions: Chronic renal 
m eed ster a dosis Such as diabetic acidosis, acute 


X administer full strength. Kaon-CL 209; 
aus e rointestinal irritation if administered un- 
Fo atao regarding adequate dilution, see 
and Administration. 
3 with impaired mechanisms for excreting 
um, e administration of potassium salts can pro- 
erkalemia and cardiac arrest. This occurs most 
rin n patients given potassium by the intravenous 
but also occur in patients given potassium 
ntially fatal Mem can develop rapidly 
symptomatic. The use of potassium salts in pa- 
5 Ee renal disease, or any other condition 
| pet airs potassium excretion, requires particularly 
eful : noni Gai serum potassium concentration 
ap pra 'Op! wi dosage adjustment. 
Not be treated by the concomitant *COMPLETE DYE DILUTION AND THERMODILUTION TISTEM 
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ody potassium, while acute acidosis s Jo ILES 

se the serum potassium concentration US Mage 
ira nge even in the presence of a reduced bir a eee PM 
. The treatment of potassium deple- - i i 3 
pa Leah inte presence of cardiac disease, renal 
x Foy acidosis, requires careful attention to acid- 
Se. - balance e and appropriate mostang of serum 
s.t electrocardiogram, and the clinical status 


/ ae The most common adverse reac- 
) oral. passum salts are nausea, vomiting, ab- 
dominal discomfort and diarrhea. These symptoms are 
Je to irritation of the gastrointestinal tract and are best 
. managed by diluting the preparation further, taking the 
- dose with meals, or reducing the dose. 
The most severe adverse effects are hyperkalemia (see 
Contraindications, Warnings and Overdosage) and 
g eS gala obstruction, bleeding or perforation (see 
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ge: The administration of oral potassium salts 
sons with normal excretory mechanisms for 
LH Ke serious hyperkalemia. However, if 
f end S are impaired or if potassium is ad- 
d too ra ly intravenously, potentially fatal hy- 

an n result (see Contraindications and Warn- 
rtant to recognize that hyperkalemia is 
matic and may be manifested only by an 
: 1 potassium concentration and charac- 
e ectrocardiogra hic changes (peaking of T- 
loss of P-wave, depression of S-T segment, and 
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„and Ld build his drug regimen around DIU 


(CHLOROTHIAZIDE | MSD) 


TABLETS. 250 mg and 500 mg ORAL SUSPENSION. 250 mg per 5 ml 


s, 8 u 


(GALORUTHIAZIDE | MSU) 


Because the thiazides have a vital role at the start of antihypertensive therapy 
and as a part of later steps in therapy in combination with other agents, when 
necessary —consider DIURIL, the thiazide that started the thiazides. 
Contraindications include anuria and hypersensitivity to chlorothiazide or other 
sulfonamide-derived drugs. Use with caution in patients with severe renal 
disease, impaired hepatic function, or progressive liver disease. Lithium gen- 
erally should not be given with diuretics because they reduce its renal clear- 
ance and add a high risk of lithium toxicity. 

Careful observations for changes in blood pressure must be made when this 
compound is used with other antihypertensive drugs, especially during initial 
therapy. 


DIURIL...a long, impressive record | MSD 
in the management of hypertension | 55s 
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. in patients with impaired renal function. 
. Use with caution in patients with impaired 
. hepatic function or progressive liver dis- 
- @ase, since minor alterations of fluid and 
. electrolyte balance may precipitate 


. action of other antihypertensive drugs: 
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Along, impressive record 


In the management of hypertension 


Contraindications: Anuria; hypersensi- 
tivity to this or other sulfonamide-derived 
drugs; routine use in an otherwise healthy 

pregnant woman with or without mild 
edema. 


Warnings: Use with caution in severe re- 
nal disease since thiazides may precipitate 
azotemia. Cumulative effects may develop 


hepatic coma. May add to or potentiate 


potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. Sen- 


or without a history of allergy or bronchial 
. asthma. Possibility of exacerbation or ac- 
tivation of systemic lupus erythematosus 
has been reported. Lithium generally 
should not be given with diuretics because 
. they reduce its renal clearance and add a 


. concomitant therapy. 


Use in pregnancy: Thiazides cross pla- 
cental barrier and appear in cord blood: in 
pregnancy or in women of childbearing po- 
tential, weigh anticipated benefit against 
possible hazards, including fetal or 
neonatal jaundice, thrombocytopenia, and 
possibly other adverse reactions that have 
occurred in adults. 


Nursing mothers: Thiazides appear in 
breast milk; if use of drug is deemed es- 
sential, patient should stop nursing. 
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Precautions: Perform periodic determi- 
nation of serum electrolytes to detect 
possible electrolyte imbalance. Observe all 
patients for clinical signs of fluid or 
electrolyte imbalance, namely, hyponatremia, 
hypochloremic alkalosis, and hypokalemia. 
Serum and urine electrolyte determinations are particularly impor- 
tant when patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence serum 
electrolytes. Warning signs, irrespective of cause, are dryness of 
mouth, thirst, weakness, lethargy, drowsiness, restlessness, mus- 
cle pains or cramps, muscular fatigue, hypotension, oliguria, 
tachycardia, and gastrointestinal disturbances such as nausea 
and vomiting. Hypokalemia may develop, especially with brisk 
diuresis, in severe cirrhosis, with concomitant corticosteroid or 


_ ACTH therapy, or with inadequate oral electrolyte intake. Hy- 
. pokalemia can sensitize or exaggerate response of heart to toxic 
. effects of digitalis (e.g. increased ventricular irritability). Hy- 
_ pokalemia may be avoided or treated by use of potassium supple- 


ments, such as foods with a high potassium content. Any chloride 
deficit is generally mild and usually does not require specific treat- 
ment except under extraordinary circumstances (as in liver dis- 


. ease or renal disease). Dilutional hyponatremia may occur in 


edematous patients in hot weather; appropriate therapy is water 
restriction, rather than administration of salt except in rare in- 
stances when the hyponatremia is life threatening. In actual salt 
depletion, appropriate replacement is the therapy of choice. 
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may be precipitated in certain patients. In- 
sulin requirements in diabetic patients may 
be increased, decreased, or unchanged: la- 


postsympathectomy patients. 


decrease arterial responsiveness to 


pressor agent 


dent, consider withholding or discontinuing 
diuretic therapy. Thiazides may decrease 
serum PBI levels without signs of thyroid 
disturbance. Calcium excretion is 
decreased by thiazides. Pathological 
changes in the parathyroid glands with hy- 


been observed in a few patients on 
prolonged therapy; thiazides should be dis- 
continued before testing for parathyroid 
function. 

Adverse Reactions: Gastrointestinal 
System— Anorexia; gastric irritation: 
nausea; vomiting; cramping; diarrhea; 
constipation; jaundice (intrahepatic 
cholestatic jaundice); pancreatitis: 
sialadenitis. 

Central Nervous System—Dizziness: ver- 
tigo; paresthesias; headache; xanthopsia. 
Hematologic— Leukopenia; agranulocyto- 
sis; thrombocytopenia; aplastic anemia. 
Cardiovascular—Orthostatic hypotension 
(may be aggravated by alcohol, barbitu- 
rates, or narcotics). 
Hypersensitivity—Purpura; photosen- 
sitivity; rash; urticaria; necrotizing angiitis 


-— 
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respiratory distress including pneumonitis: 
anaphylactic reactions. 
Other—Hyperglycemia; glycosuria; hy- 
peruricemia; muscle spasm; weakness: restlessness: transient 
blurred vision. 
Whenever adverse reactions are moderate or severe. thiazide 
dosage should be reduced or therapy withdrawn. 


percalcemia and hypophosphatemia have 





Hyperuricemia may occur or frank gout 


tent diabetes mellitus may become — 
manifest. Thiazides may increase respon- 
siveness to tubocurarine. Antihypertensive 
effects of the drug may be enhanced in - 
May- 


norepinephrine; this diminution is not suffi- - 
cient to preclude effectiveness of the 


i 


for therapeutic use. If -. . 
progressive renal impairment becomes evi- - 


(vasculitis) (cutaneous vasculitis); fever: 


Note: When used with other antihypertensive drugs, careful 


observations for changes in blood pressure must be made. espe- 
cially during initial therapy. Dosage of other antihypertensive 
agents must be reduced by at least 50 percent as soon as this 
drug is added to the regimen. As blood pressure falls under the 
potentiating effect of this agent, further reduction in dosage, or 
even discontinuation, of other antihypertensive drugs may be 
necessary 


How Supplied: Tablets containing 250 mg chlorothiazide each in 
bottles of 100 and 1000 and single-unit packages of 100; Tablets 
containing 500 mg chlorothiazide each in bottles of 100, 1000, and 
9000 and single-unit packages of 100; Oral Suspension containing 
250 mg chlorothiazide per 5 ml in bottles of 237 ml. 


For more detailed information, consult your MSD representative 
or see full prescribing information. Merck Sharp & Dohme, Divi- 
Sion of Merck & Co., Inc., West Point, Pa. 19486 
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, 0 widespread. disease 
Hypoglycemia an important subject 
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This book is the result of the First European (Rome) 
Symposium on the subject. Hypoglycemia is a com- 
prehensive presentation covering both the clinical and 
investigative knowledge available now. Guest Editors 
are: D. Andreani, P. Lefèbvre and V. Marks. 


Emphasis is placed on diagnosis and treatment, and 
special considerations are offered on: 

O Stimulative Hypoglycemia 

O Alcohol Hypoglycemia 

[] Gastro-intestinal Hormones 

O 

[] 





Proceedings of the 
European Symposium 
Rome 
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P. 

V. — 
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Pancreatic Tumors 


prere 


added value of close peer review and careful editing. 


Send us your order now, and receive your copy on our 
special 10 day free review plan. 


l The ) Bada Reactive Hypoglycemia 
ao t] Hypoglycemia in Diabetics 
nF These proceedings have made a substantial contribu- 
| de tion to the understanding and management of this 
Se widely diagnosed disease. Now published and ready 
4 ce ; for worldwide distribution, the original material has the 
Marks, Gui 


F. Pigilin, Ult 


Hypoglycemia, 135 double column pages, 126 figures and 
tables. 

Published in conjunction with Georg Thieme Publishers, 
Stuttgart. 

Distribution in Europe, Africa and Asia—Georg Thieme 
Publishers, Stuttgart. 
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This is another important book from The Yorke Medical 
Group, publishers of The American Journal of 


Mi Medicine, The American Journal of Cardiology, The 
American Journal of Surgery, Cutis, Laragh’s Hyper- 
tension Manual and Congestive Heart Failure by Dean 
Mason. 
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YORKE MEDICAL BOOKS 
666 Fifth Avenue, New York, New York 10019 
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Yes, | would like to review Hypoglycemia-Proceedings of 
the First European Symposium. 


Please send me copy(ies) on a 10 day free review 

basis. | understand | may return the book(s) at any time NAME _ - 

within 10 days and owe nothing or receive a prompt refund 

if | paid in advance. ADDRESS -—— 

[] Please bill me $23.00 plus $1.00 handling. 

[] Payment enclosed $23.00*, publisher absorbs han- CITY/TOWN ___— ae STATE __ | ZIP 
dling. 

O Canada, Central & South America (Pre-Payment re- SIGNATURE — - 
quired) $23.00 plus $2.00 shipping. *In New York State, please add appropriate tax. 
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Philips Poly Diagnost C: aU-arm system 
with cranio-caudal capability 


Clear visualization 
of overlapping | 
vessels in cardiac 
angiography 





With the Poly Diagnost C, cranio-caudal 
(or hemi-axial) capability is incorporated 
into a rotating U-arm system. Now, the 
X-ray beam can be both rotated around 
the patient and angulated along the 
transverse axis. The patient remains 
Stationary. Both brachial and femoral 
techniques are done with ease, even on 
tall patients. 

Hemi-axial capability lets you visualize 
what's been difficult to see in cardio- 
vascular examinations. Particularly the 
left coronary artery and its branches. The 
Poly Diagnost C gives clear, unobstructed 
views of these and other areas of cardiac 
anatomy — supplementary projections to 
help you detect stenosis which might 
otherwise be obscured. 

Philips new U-arm system reduces 
patient stress and insures a more efficient 
procedure in cineangiography and in both 
single and bi-plane modes. Equipped with 
a pivoting base, the U-arm parks quickly 
aside, thereby insuring easy use of large 
size film changers. 

Philips Poly Diagnost C: new directions 
for improved cardiovascular diagnostics. 


For additional information, contact your 
Philips representative. Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 
Tel. (203) 929-7311 








On eee 


| WANT FASTER SERVICE? 


| 
| 
| If you... Change your Address? | 


... Need Information? 
bonc YOUR PRESENT ADDRESS LABEL BELOW 


——— 


AFFIX LABEL 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 


NAME 





ADORESS 


CHI LL STATE LIC 





Clip this entire form and attach it to any other | 
correspondence you may have for us and mail | 
a 


DP oars 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 
Yorke Medical Journals 
Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 


| 
| 
| 
| 
: 
| 
i 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
i 
| 
| 
| 
l 
| 
| 
| 
L 


| Defense against attack. 


For over 22 years, Peritrate” has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks* With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 


Div. Wafner-Lambert Company 
Morris Plains, N.J. 07950 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


*The drug has been evaluated as possibly 
effective for this indication 
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winen sne needed 

a lithium pacemaker 
back in 1972, CPI 
had it ready 


CPI was there 4 years ago, when a reliable 
lithium-powered pacemaker was needed. It was 
CPI that pioneered the successful use of lithium 
pulse generators for cardiac pacing. As a result, 
since 1972, physicians have used CP! pacemakers 
for effective long-term patient treatment in over 
12,000 men, women and children. 


CPI lithium pacemaker technology has had 

more successful clinical experience than any other 
lithium pulse generator in the industry and is 
already into its second generation. 


This second generation is MINILITH® It is one 

of the smallest, lightest, lithium-powered pacemakers 
available for clinical use today. Since 1974, there 
have been more than 2,000 documented implants. 
The MINILITH, with its reliable lithium power 
source, IS warranteed for 4 years. Its hybrid circuitry 
IS built to meet rigid performance standards 
redundant hermetic sealing ensures total isolation 
from the body's moist, hostile environment. 


MINILITH's compactness and lighter weight 

assure patient comfort. At the same time, CPI's 
technology, high quality assurance standards, and 
years of experience provide the physician with 
ensured pacemaker longevity and dependable 
reliability. And a potentially longer, more comfortable 
life for the patient. 


That's been the primary benefit since we pioneered 
lithium pacemakers, back in 1972. 


...of the three 

major pacemaker 
companies, 

CPI is No. 1 in lithium. 





® 


CARDIAC PACEMAKERS, INC. 
1140 RED FOX ROAD 

ST PA JL. MINNE SOTA 55112 USA 

TELEPHONE. (612) 483-6741 

CABLE: CARDIAPACE. ST. PAUL/TELEX 29 7049 


*Clinical.data available upon request 
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_ The versatili 
Its evident on almi¢ 


As a psychotherapeutic agent, Valium 
(diazepam) serves a wide range of needs 


Whatever the patient's primary diagnosis, excessive anxiety sometimes 
becomes an important factor in treatment. In such cases, you'll find Valium an 
extremely useful adjunct to counseling. That's because oral Valium acts 
promptly and effectively to calm the tense, overreacting patient and to reduce 
his anxiety to more manageable levels. Moreover, Valium may be given to 
psychoneurotic patients whose predominant anxiety is accompanied by 
secondary depressive symptoms. And when anxiety is particularly 
acute—before surgery, endoscopy or cardioversion, 
for instance — Valium is available in injectable 
form to provide immediate calming. 

Valium is generally well tolerated, with side 
effects more serious than drowsiness, fatigue and 
ataxia rarely seen. Ambulatory patients, however, 
should be cautioned against driving, operating 
dangerous machinery or drinking alcohol while on 
therapy with Valium. 


4H" 


Valium (diazepam) serves 
as an adjunct in skeletal muscle 
spasm and spasticity 


Because of its potent muscle-relaxant 
properties, Valium is a useful adjunct in relieving 
skeletal muscle spasm caused by sprains, strains 
or inflamed muscles. In such cases, adjunctive 
Valium often helps break the reflex cycle of 
spasm/pain/spasm and thus tends to increase 
mobility more rapidly. In certain other disorders 
as well — such as paraplegia and athetosis — rehabilitation special- 
ists often find the spasmolytic action of Valium helpful in relieving 
involuntary movements, muscular rigidity and convulsive spasms. 
And you can choose from scored tablets or injectable dosage 
forms to suit an individual patient's needs. 

Because of its relatively low toxicity, Valium has a noteworthy 
safety record. Nevertheless, as with any long-term drug therapy, 

periodic blood counts and liver function tests are advisable. 






NEUROLOGY 


EMERGENCY ROOM 










































SURGERY 


- few products on any hospital formulary do so much so well 


ium diazepam) 


hospit 





alservice — 


In status epilepticus particularly, Injectable j 
Valium (diazepam) serves a vital need 3 
Injectable Valium is now considered by many authorities 2: 


(e 


ORTHOPEDIC 


For a summary of product information, please see following page. 


to be a preferred drug in the management of status epilepticus. Used 
adjunctively, it generally succeeds in interrupting seizures promptly. : 
Frequently, a single injection helps restore control. Injectable Valium 
has at times been effective even after standard 
anticonvulsants have failed. 


should be administered slowly, taking at 
least one minute for each 5 mg (1 ml) given; it «i 
should not be mixed or diluted with other it 
solutions or fluids. Although Injectable Valium 

seldom alters vital signs, because of the possible 

occurrence of apnea and/or cardiac arrest 


MEDICAL SERVICE 


valium, — 


: . ; Y 
If used intravenously, Injectable Valium 4 


specially in elderly or very ill patients), re- 


suscitative facilities should be readily available. 
(See product information.) 


PSYCHIATRIC 





(diazepam) | 
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JS GUAE Cee RR DE a e Iu n METTRE. pet al coL mira HM A T 
pet € ataxia or oversedation (initially 2 to 2⁄2 mg once or twice dail M 
E increasing gradually as needed or tolerated). —. e C en Qd. 

W 2s _ INJECTABLE: Laryngospasm and increased cough reflex are possible dur- — . 
! aa. gE ing peroral endoscopic procedures; use topical anesthetic and have — So NE 

Am. V 2 592 RR ACL necessary Node eser AME tension sgh Sr Sp cnr ; 
BE oc 93 DERUEESL uos boy mor CN, ness possible, particularly when used w narcotics, barbiturates or al- — i 
NEN 2-mg, 5-mg, 10-mg scored tablets j cohol. Use lower doses (2 to 5 mg) for elderly and debilitated; safety. 
v Pd DUE om. ready-to-use) | and efficacy in children under 12 not established. UMEN 
ml Tel-E-Ject'(disposable syringes) Ss | Adverse Reactions: Side effects most commonly reported were drowsi- - Tus 
EN oo oO y Se 2-ml ampuls mg/m ness, fatigue and ataxia. Infrequently encountered were confusion — ^ |. 
hu NL TER NOD Sox 10-ml vials constipation, depression, diplopia, dysarthria, headache, hypotension, 

Uae ae incontinence, jaundice, changes in libido, nausea, changes in saliva- denos 

STONE ES tion, skin rash, slurred speech, tremor, urinary retention, vertigo and PS 
dU MEUS yeaa ge P EAM A blurred vision. Paradoxical reactions such as acute hyperexcited states, — 
Tire ! distinct actions: anxiety, hallucinations, increased muscle spasticity, insomnia, rage, AU 
eo Onur c ar am x sleep disturbances and stimulation have been reported; should these res 
E Na n » othera eutic occur, use of the drug should be discontinued. : 
ees. mae p Because o Mei reports of e oiii Endo hry blood 
nt: 34 counts and liver function tests are advisable uring long-term therapy. — 
S us (JM Ac muscle relaxant Minor changes in EEG patterns, usually low-voltage fast activity, have a k 
NSE Pa been observed in patients during and after Valium (diazepam) therapy 
Hu antico vulsant and are of no known significance. ES or 
NU uber | INJECTABLE: Venous thrombosis and phlebitis at injection site, hypoactivi- m 
Mi uio. ty, syncope, bradycardia, cardiovascular collapse, nystagmus, urticaria, — 

EN CLOS. uu | : 1 hiccups, neutropenia. 1 
prescribing, please consult complete product information, a In peroral endoscopic procedures, coughing, depressed respiration, 
of which follows: dyspnea, hyperventilation, laryngospasm and pain in throat or chest 
š: Tension and anxiety states; somatic complaints which are have been reported. 

honeurotic states manifested by Dosage: Individualized for maximum beneficial effect. 
gue, depressive symptoms or agita- oraL—Aduits: Tension, anxiety and psychoneurotic states, 2 to 10 mg x. 
tomáac Te ute agitation, tremor, impending or acute b.i.d. to q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. orq.i.d. infirst24 — 
tremens and hallucinosis due to acute alcohol withdrawal; ad- hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in skeletal — ~ 
relief of skeletal muscle spasm due to reflex spasm to muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively in convulsive = 
f; spasticity caused by upper motor neuron disorders; disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric or debilitated patients: Dx pee 
-man syndrome. Oral form may be used adjunctively in to 2/2 mg 1 or 2 times daily initially, increasing as needed and toler- — 
vel dei quodis ls aos died " Bis d = ated. Gee Precautions. )Children: 1 to 2¥2 mg t.i.d. or g.i.d. initially, — 
tetanus; anxiety, tension or acute stress reactions prior to endoscopic increasing as needed and tolerated (not for use under 6 months). | 


cal procedures; cardioversion. INJECTABLE: Usual initial adult dose is 2 to 20 mg I.M. or I.V., depending — 


^a, "d MA 
on indication and severity. Larger doses may be required in some con- 
x 





















: Use of Injectable in infants and Tablets in children ditions (tetanus). In acute conditions injection may be repeated within NT; 
t age; known hypersensitivity to drug; acute narrow 1 hour, although interval of 3 to 4 hours is usually satisfactory. Lower — 
d ay be used in patients with open angle glaucoma doses (usually 2 to 5 mg) with slow dosage increase for elderly or de- 
ee appropriate therapy. bilitated patients and when sedative drugs are added. (See Warnings — 
E -acting drugs, caution patients against and Adverse Reactions. ) Mer 
requiring complete mental alertness (e.g., — I.M. use: by deep injection into the muscle. QU 
driving). Advise patients against simultaneous in- I.V. use: inject slowly, take at least one minute for each 5 mg (1 mI) EA 
other CNS depressants. Withdrawal symptoms given. Do not use small veins, i.e., dorsum of hand or wrist. Use ex- hess 
x barbiturates and alcohol) have occurred following treme care to avoid intra-arterial administration or extravasation. Do not 
E mps, vormiting E Seder ME a mix or dilute with other solutions or drugs; do not add to I.V. fluids. — P 
~ (drug addi oholics) under careful surveillance because of their Moderate psychoneurotic epe - LT mes, or I.V. ty A hal [MA 
— . predisposit pendence. Use of any drug in preg- psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in3to4hous — — 
potential requires If necessary; acute alcoholic withdrawal, 10 mg I.M. or I.V. initially, then * 
azard 5 to 10 mg in 3 to 4 hours if necessary; muscle spasm, 5 to 10 mg X 
; eh or L.V. initially, d 5 t d: in 3to4 ROMS if necessary i 
: etanus may require larger doses ) status epi epticus, severe recurrent 
d in lieu of appropriate Medici mn using oral form ad- convulsive seizures, 5 to 10 mg I.M. or I.V. initially, repeat in 2 to 4 Ce 
Bee peekaa maroon i ai of hours if necessary. In endoscopic procedures, titrate l.V. dosage to de- — ps 
iant medication; abrupt withdrawal in such cases sired sedative response, generally 10 mg or less but up to 20 mg (f . T ues 
BB astociated with tempora increase in freduency and/or narcotics are omitted ) immediately prior to procedure; if I.V. cannot be — 
erity of seizures TETN rods 2A used, 5 to 10 mg (M. approdmateiy 30 minutes prior to procedure; As ME 
Severity OF seizures. reoperative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg IV., —— 
_ INJECTABLE: When used I.V., the following procedures should be under- within 5 to 10 minutes prior to DOCENT Once acute syiptomatoleas ^g 
-= taken to reduce the possibility of venous thrombosis, phlebitis, local irri- has been properly controlled with injectable form, patient may be V 
tation, swelling, and, rarely, vascular impairment. Inject slowly, taking at placed on oral form if further treatment is required. y RA 
. least one minute for each 5 mg (1 ml) given; do not use small veins, Management of Overdosage: Manifestations include somnolence, con- 
Hoo. dom of hand or wrist; extreme care should be taken to avoid fusion, coma and diminished reflexes. Monitor respiration, pulse blood = 
Intra-z ee ation or ia oe not mix or dilute with pressure; employ general supportive measures, I.V. fluids, adequate — o 
E AMOR OI. OTUES; 20 not adu to I.V. fluids. A OM airway. Immediate gastric lavage indicated for overdosage with tablets. E 
Administer with extreme care to elderly or very ill and those with limited Use levarterenol or metaraminol for hypotension, caffeine and sodium iE as 
3 m : wed Cad aie re Page ania benzoate for CNS-depressive effects. Dialysis is of limited value. NA X 
oar UsCItatve faciles shou avaliable. When used with nar- Supplied: Tablets, 2 mg, 5 mg and 10 mg—bottles of 100 and 500; Aven 
. Cotic analgesic, eliminate or reduce narcotic dosage at least V and Tel E-Dose® (unit lida Tick of 1004 availableintrasof4 — 
2d u^ by. reverse-numbered boxes of 25, and in boxes containing 10 strips of Joc s 
. dministered to pa- Prescription Paks of 50, available singly and in trays of 10. Ampuls, 2 
Mur ex WODOORK tion with depression ml, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject® (disposable y 
. Oi vital signs. - syringes), 2 ml, boxes of 10. Each ml contains 5 mg diazepam, com- = 
iy ETEC iti ! pares with 40% propylene [MS 10% ethyl alcohol, 5% sodium — 
io pharmacologic effects—particularly with ^ ^^^ benzoate and benzoic acid as buffers, and 1.5% benzyl alcoholaspre- —— 
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barbitu i , 
Division of Hoffmann-La Roche Inc. 


Nutley, New Jersey 07110 —— 
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*INDICATIONS —Based on a review of this drug by the National Academy of 
Science-National Research Council and/or other information, FDA has classi- 
fied theindication as follows: 


"Possibly" effective: For long-term therapy of chronic angina pectoris. Pro- 


longed therapy may reduce the frequency or eliminate anginal episodes, 
improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
is not intended to abort the acute anginal attack. 


Final classification of the less-than-effective indications requires further 
investigation. 





CONTRAINDICATIONS — No specific contraindications are known. 


PRECAUTIONS — Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension. 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache. dizziness, nausea, flushing, 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms. | 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy. 


For complete details, please see the full prescribing information. 





Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, N.Y. 10523 


Illustrated: Queen of Hearts... from the series 
"Le jeu de Charles VII" created in Lyons, 
France in the second decade of the 16th century. 


The gentlemen of this series had names; the 
ladies bore heroic slogans. This pack honored 
the life of Charles VII (1422-1461). 








What's in the cards for the 
anginal patient? ; 


l 
For centuries, dealing with the heart's ills has been 
the subtlest of arts, an intricate shuffling of skill and © 
science. Even today, evaluating a drug for chronic ` 
angina pectoris involves the art of medicine as 

well as its science. 


During more than a decade of clinical experience, 

compounding both science and art, Persantine 
has often been found useful in the long-term man- . 
agement of chronic angina pectoris.* It may: 
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eliminate or reduce the frequency of anginal 
attacks 


improve exercise tolerance 





reduce nitroglycerin requirements 


Give enough. ..long enough (recommended dos- 
age: 50 mg t.i.d. at least one hour before meals 
for 60 to 90 days or longer). 


Persantine: 


(dipyridamole) Tablets of 25 mg 


non-nitrate 
coronary vasodilator 
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WEDGE PRESSURE 
MONITORING. 


UNCOMPLICATED. 


SENSITIVITY 


— BDATASCOPE 
TYPE P2 
PRESSURE MODULE 2 

MEAN ! 


; DATASCOPE g 
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PLOSION HAZARD iF USED 
MMARLE ANESTHETICS 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


TYPE L ed dais. ALAFIM 


Lo] 


DANGER--POSSIBLE EXPLOSION HAZARD IF USED IN) = 
THE PRESENCE OF FLAMMABLE ANESTHETICS 


faster, much more accurate. 

And once the catheter has 
been passed, we've simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 


If you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
Its extremely light, and com- 
pact. It easily fits at bedside. 
And it’s portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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Effect of Amiodarone in the Wolff-Parkinson-White Syndrome 
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The effect of amiodarone in the Wolff-Parkinson-White syndrome was 
studied with programmed electrical stimulation of the heart in 15 patients. 
All 15 patients had circus movement tachycardias; 7 also had atrial fi- — 
brillation. Programmed electrical stimulation was performed before and — 
after 14 days of oral administration of amiodarone. The effective refractory — 
period of the accessory pathway lengthened in an atrioventricular direction — 3 
in all patients and in a ventriculoatrial direction in eight patients. The ef- B 
fective refractory period of the atrium and ventricle lengthened in 14 and 
12 patients, respectively. After administration of amiodarone, circus 
movement tachycardia could no longer be initiated in five patients. The — 
zone of tachycardia narrowed in four patients, did not change in two and . - 
increased in seven. The effect of amiodarone on initiation of circus 
movement tachycardia could be related to differences in effect of the drug 
and in the mechanism of tachycardia in individual patients. In all patients 2 
in whom tachycardias could still be initiated after treatment with ami- - 
odarone the heart rate during tachycardia was slower than before treat- 
ment. This slowing was caused by a decrease in conduction velocity of - L 
the circulatory wave in different parts of the tachycardia circuit. The effect — . 
of amiodarone in prolonging the refractory period of the accessory & 
pathway makes this drug especially useful in patients with the Wolff- E 
Parkinson-White syndrome and atrial fibrillation. t 


$ 
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Recently Rosenbaum et al.! reported on the beneficial effect of ami- 7 : 
odarone hydrochloride in patients with the Wolff-Parkinson-White 1 


lation of the heart. 


Material and Methods 


Cases: Fifteen patients, 11 male and 4 female, with the Wolff-Parkinson- = 
White (WPW) syndrome, were studied. Their ages ranged from 14 to 55 years. — 
All patients had electrocardiographically documented attacks of regular - 
tachycardia with a QRS configuration indicating atrioventricular (A-V) con- - k: 
duction over the A-V node. Seven patients also had atrial fibrillation. Twelve _ 
patients had type A WPW conduction and three had type B conduction.? 4 

Procedures: After the patient's informed consent was obtained, at least four | 
catheters were passed through the femoral veins using the Seldinger technique. _ 
Two bipolar catheters were positioned high on the lateral wall of the right atrium. — 
One was used for stimulation, the other for recording an intraatrial electrogram. _ 
A bipolar catheter was placed in the region of the bundle of His to record an — 
electrogram in this area.? A fourth (bipolar) catheter, positioned in the apex of. 
the right ventricle, was used for ventricular stimulation. A fifth catheter was used — 
to record a left atrial electrogram in seven patients; in five the catheter was passed — 
into the left atrium through a patent foramen ovale and in the remaining two 
it was positioned in the coronary sinus. p 

Measurements: With use of the single test stimulus method during atrial | 
stimulation the effective refractory periods of the accessory pathway, the A-V — 
node (if shorter that that of the accessory pathway), the atrium and the zone of 
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Circus Movement Tachycardia 


ERPry Initiation Tachycardia Zone 


V-A Direction 


A-V Direction 


Age 
(yr) & Type Cycle 
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premature beat intervals initiating tachycardia were carefully 
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determined. Thereafter during single test stimulation of the 
right ventricle the pattern and effective refractory period of 
ventriculoatrial (V-A) conduction, the zone of premature beat 
intervals initiating tachycardia and the effective refractory 
period of the ventricle were measured. Previously described 
criteria* were applied to determine the pathways used during 
V-A conduction and reentrant tachycardia. 


The same measurements using identical basic cycle lengths 


and test stimulus intervals were repeated after 14 days of oral 
administration of amiodarone. The drug was given in doses 
of 200 mg three times daily during the 1st week and 100 mg 
three times daily during the 2nd week. Whenever possible, the 
stimulating and recording electrodes were placed in the same 
position as during the first catheterization so as to minimize 
the effect of different approaches to the A-V node and ac- 
cessory pathway on the function of these structures.9-? 
Stimulus strength during both catheterizations was kept at 
twice diastolic threshold. 


All data obtained during the stimulation studies were re- 


corded on tape (Ampex FR 1300) and directly registered on 
an eight channel Elema recorder. Leads I, II, IIT, Vi, Ve, the 
intracavitary right atrial lead, a left atrial lead if available and 
the His bundle lead were recorded simultaneously. For re- 
cording the His bundle electrogram an Elema EMT 12 was 
used. 


Definitions: The effective refractory periods of the ac- 


cessory pathway in the atrioventricular and ventriculoatrial 
directions were defined, respectively, as the longest A;-Ag 
interval failing to conduct over the accessory pathway and the 
longest V;-V» interval failing to conduct over the accessory 
pathway. The effective refractory periods of the atrium and 
ventricle were defined, respectively, as 
stimulus interval not followed by atrial depolarization and the 
longest ventricular test stimulus interval not followed by 
ventricular depolarization. The effective refractory period of 
the A-V node was defined as the longest A;-Ag interval failing 
to conduct through the A-V node. Statistical analyses were 
performed using the paired t test. 


Results (Tables | and Il) 
A-V Conduction 


the longest atrial test 


The length of the effective refractory period of the 


accessory pathway increased in all patients, ranging 
from 200 to 400 msec before administration of ami- 
odarone and from 220 to 700 msec after drug adminis- 
tration. In patients whose absolute values could be de- 
termined, the increase measured 109 + 101 msec (mean 
+ 1 standard deviation). 








TABLE Il 
Cumulative Data* 
Control Amiodarone Mean Change P Valuet 
ERP ap A-V 277 + 50 <0.005 
direction 
ERPRA 220 + 25 <0.01 
ERPgay 227 t 18 «0.005 
R-R circus 359 + 41 «0.005 
movement 
tachycardia 





* All measurements are expressed as mean + standard gleviation in 


msec. 


T Paired t test. 


Abbreviations as in Table |. 
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The effective refractory period of the A-V node be- 
fore administration of amiodarone could be measured 
in only 4 patients (in 11 patients the effective refractory 
period of the accessory pathway was shorter than that 
of the A-V node or A-V conduction over the A-V node 
occurred up to the effective refractory period of the 
atrium). In these four patients the effective refractory 
period of the A-V node ranged from 210 to 280 msec 
before amiodarone; after amiodarone it could be mea- 
sured in two of the four patients and had increased by 
40 and 90 msec, respectively. In the other two patients 
the effective refractory period of the accessory pathway 
was shorter after amiodarone than the effective re- 
fractory period of the A-V node although it was still 
longer than the latter had been before drug adminis- 
tration. 

The A-H interval during basic pacing of the atrium 
increased in all patients when the intervals were com- 
pared at identical basic cycle lengths before and after 
administration of amiodarone. The increase ranged 
from 15 to 35 msec (mean increase 23 + 7 msec). 
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V-A Conduction 


Application of criteria previously described* revealed | 


that in all patients V-A conduction occurred over the 
accessory pathway up to the refractory period of the 
V-A conduction system. Administration of amiodarone 
lengthened the effective refractory period of the V-A 
conduction system in eight patients (by at least 40 to 300 
msec). No change was observed in the remaining seven. 


The number of patients whose absolute values could be ~ 
measured was too small to determine statistical signif- : 


icance. 

In four of the eight patients with lengthening of the 
effective refractory period of the accessory pathway, 
V-A conduction still occurred over the accessory path- 
way. In the remaining four the A-V node became the 


pathway with the shortest effective refractory period . 


in a V-A direction. 


Atrium and Ventricle 


The effective refractory period of the right atrium — 


increased in 14 of the 15 patients. Before amiodarone, 
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FIGURE 1 (left). Case 10. Before administration of amiodarone. Upper panel, during atrial pacing with a basic cycle length of 700 msec, A-V conduction 
over the accessory pathway occurs up to an atrial test stimulus interval of 410 msec. Lower panel, an atrial test stimulus given after 400 msec  - 
is conducted to the ventricle exclusively over the A-V node, initiating a tachycardia. A tachycardia could be initiated by a single atrial test stimulus d 
up to the effective refractory period of the A-V node (280 msec). The R-R interval during tachycardia measures 360 msec. A 


FIGURE 2 (right). Case 10. During administration of amiodarone. Upper panel, during atrial pacing with a basic cycle length of 700 msec complete 
block is present in the accessory pathway in an A-V direction. Lower panel, an atrial test stimulus given after 510 msec initiates a tachycardia. 
A tachycardia could be initiated by an atrial test stimulus up to the refractory period of the A-V node (320 msec). Comparison with Figure 1 reveals: 
(1) a wider zone of tachycardia after amiodarone (510 to 320 = 190 msec versus 400 to 280 = 120 msec); (2) a slower heart rate during tachycardia * 
with amioddrone (R-R interval 360 msec before and 430 msec during drug administration). Higher speed recordings revealed that the increase in 34 
R-R intefval was caused by lengthening of the A-H and V-A intervals. Ventricular pacing revealed that the effective refractory period of the accessory 

T2 


pathway in a V-A direction had not been affected by amiodarone. * 
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values ranged from 180 to 270 msec and after ami- Mechanism of Tachycardia 


odarone from 220 to 300 msec (mean increase 40.7 + 9 
msec); no change occurred in the remaining patient. 

The effective refractory period of the right ventricle 
increased in 12 patients. Before amiodarone it was 200 
to 260 msec; after amiodarone 240 to 280 msec (mean 
increase 22.6 + 17 msec). No change was seen in one 
patient, and shortening by 10 msec occurred in the re- 
maining two patients. 


Circus movement tachycardias: Before drug ad- 
ministration, circus movement tachycardias could be 
initiated with a single test stimulus in all patients; in five 
patients they could be initiated with an atrial premature 
beat, in six with a ventricular premature beat and in 
four with either a single atrial or a single ventricular 
premature beat. After administration of amiodarone, 
tachycardias could still be initiated with a single test 
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FIGURE 3 (left). Case 4. During administration of amiodarone. Six atrial test stimulus intervals are shown during atrial pacing with a basic cycle 
length of 700 msec in a patient with Wolff-Parkinson-White syndrome, type A. The top panel shows an atrial premature beat given after 480 msec 
resulting in more preexcitation as compared with the QRS complexes during basic pacing. The second panel reveals that the refractory period 
of the accessory pathway measures 470 msec. The H>-V> interval measures 50 msec. The third panel shows prolongation of the H2-V> interval 
to 110 msec with loss of voltage and widening of the His bundle electrogram after an atrial test stimulus given after 370 msec. The fourth panel 
at the same atrial test stimulus interval reveals further prolongation of the H2-V> interval (to 135 msec) followed by tachycardia with A-V conduction 
over the A-V node and complete right bundle branch block. Study of the effect of ventricular premature beats during tachycardia revealed that V-A 
conduction occurred over the accessory pathway.^ This mechanism of initiation of tachycardia (critical H2-V» prolongation allowing recovery of 
the ventricular end of the accessory pathway) was present up to an atrial test stimulus interval of 330 msec. In the fifth panel, at an atrial test stimulus 
interval of 320 msec, there is further lengthening of the H2-V3 interval to 185 msec. After ventricular activation the impulse is conducted in retrograde 
fashion to the atrium over the accessory pathway, to reenter and traverse the A-V node. However, block occurs distal to the electrogram of the 
bundle of His and no tachycardia is initiated. Apparently slow conduction through the peripheral conduction system after the atrial premature beat 
(Hz-V» interval of 185 msec) makes the area distal to the bundle of His refractory to propagation of the next atrial impulse. The phenomenon shown 
in the fifth panel was present up to the effective refractory period of the atrium (sixth panel). 


FIGURE 4 (right). Case 11. Events during single test stimulation of the right ventricle in a patient with the Wolff-Parkinson-White syndrome type 
A receiving amiodarone. In the first three panels a test pulse given with increasing prematurity is conducted to the atrium over the accessory pathway 
(demonstrated by the retrograde His bundle electrogram moving toward retrograde atrial activation). The number under the right atrial (RA) lead 
indicates the V-A conduction time of the test stimulus. The number under the His bundle lead gives the interval between the test stimulus and retrograde 
activation of the His bundle. The fourth panel shows V-A block in the ventriculo-His pathway, exclusive V-A conduction over the accessory pathway 
followed by a circus movement tachycardia. The fifth panel shows V-A block in the accessory pathway and in the A-V node. However, the His bundle 
is activated in retrograde manner, indicating (between strip 4 and 5) a gap in ventriculo-His bundle conduction. Before administration of amiodarone, 
V-A conduction over the accessory pathway had been present up to the effective refractory period of the accessory pathway. . 
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stimulus in 10 patients, in three with either a single 
atrial or a single ventricular premature beat. Therefore 
the effect of amiodarone could be observed on 13 zones 
of tachycardia. In all these patients the interval of the 
earliest premature beat able to initiate tachycardia 
lengthened. In seven patients the zone of premature 
beats during which a tachycardia could be initiated 
(zone of tachycardia) widened (by 30 to 160 msec). In 
two patients this zone was unchanged (only shifted to 
longer premature beat intervals) and in four patients 
it shortened (by 20 to 60 msec). 

In three patients ability to initiate tachycardia with 
a single atrial premature beat persisted in spite of con- 
siderable lengthening of the effective refractory period 
of the accessory pathway in an A-V direction (Fig. 1 and 
2). A study of the effect of drug administration on V-A 
conduction during ventricular pacing provided the ex- 
planation. In two patients the effective refractory period 
of the accessory pathway in a V-A direction was 
unchanged; in the third it increased only 40 msec. In 
another patient in whom tachycardia could be initiated 
with a single ventricular premature beat before ami- 
odarone, tachycardia was initiated after amiodarone 
only during atrial pacing (Fig. 3). The explanation was 
marked prolongation of the H-V interval, indicating 
slow conduction in the distal conduction system en- 
abling recovery of the ventricular end of the accessory 
pathway. In spite of considerable lengthening of the 
effective refractory period of the accessory pathway in 
a V-A direction, initiation of tachycardia was still pos- 
sible in another patient through ventricular or A-V 
nodal reentry (Fig. 4 and 5). 

All 10 patients in whom a tachycardia could still be 
initiated showed a slower heart rate during tachycardia 
than before drug administration. The R-R interval 
during tachycardia, measuring 285 to 430 msec before 
administration of amiodarone, lengthened to 370 to 560 
msec (mean increase 90 + 42 msec). In all 10 patients 
the A-H interval lengthened during tachycardia (by 30 
to 70 msec) and in 8 patients the V-A interval also 
lengthened (by 20 to 50 msec). An increase of 10 to 20 
msec was noted in the H-V interval in four patients and 
in the width of the QRS complex in four patients. 

Atrial fibrillation: Seven patients had electrocar- 
diographically documented episodes of atrial fibrilla- 
tion. In all seven patients atrial fibrillation was delib- 
erately induced by rapid atrial pacing (400 to 500/min) 
before and after the administration of amiodarone. The 
mean ventricular rate during atrial fibrillation (mean 
of 12 consecutive R-R intervals) ranged from 180 to 270 
beats/min before drug administration and decreased in 
all patients to 130 to 240 beats/min after amiodarone. 


Discussion 


Amiodarone hydrochloride, a benzfuran derivative 
with antagonistic effect on sympathetic nerve stimu- 
lation, has been reported to exert a beneficial effect in 
patients with angina pectoris?? and cardiac arrhyth- 
mias.!! The antiarrhythmic action of the drug has been 
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attributed to its action increasing the duration of the 
action potential without affecting resting potential or 
maximal rate of depolarization of the action potential.’ 
Rosenbaum et al.! described beneficial effects of ami- 
odarone in patients with the Wolff-Parkinson-White 
syndrome who had arrhythmias. They reported that 
this was the result of lengthening of the refractory pe- 
riod of the accessory pathway, A-V node and His-Pur- 
kinje system. 


The effect of various drugs on the Wolff-Parkinson-  . 


White syndrome has been studied with intravenous 
administration of these agents during cardiac pacing.!?- 
19 Since amiodarone is usually given orally we decided 


to study its effect on this syndrome by comparing data — Y 


from programmed electrical stimulation of the heart 
before and after the drug had been administered orally 
for 14 days. Amiodarone resulted in lengthening of the 
effective refractory period of the accessory pathway. 
But, as with other drugs,!® its effect on the accessory 
pathway was not similar when antegrade and retrograde 
conduction were compared. Whereas amiodarone uni- 
formly prolonged refractoriness of the accessory path- 


way in an A-V direction, prolongation in a V-A direction © 


was observed in only eight patients. 
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FIGURE 5. Case 11 (continued from Figure 4). In panels 1 and 2 gradual 
prolongation of the ventriculo-His interval occurs after test stimuli given 
with increasing prematurity. A test stimulus given after 340 msec (panel 
2) is followed by another QRS complex preceded by His bundle acti- 
vation. This QRS complex is either the result of reentry at the ventricular 
level or reentry in the A-V node with left bundle branch block toward 
the ventricle. No V-A conduction follows this reentrant QRS complex. 
However, in the third panel, at shorter test stimulus intervals V-A con- 
duction over the accessory pathway followed the reentrant beat, ini- 
tiating tachycardia. The relation between atrial, His bundle and ven- 





tricular activation during the tachycardia is similar to that shown in Figure — 
4, panel 4. The mechanism of tachycardia shown in panel 3 was present — 
up to the effective refractory period of the ventriculo-His conduction . 


system (panel 4). 
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- . . Like Rosenbaum et al.! and Touboul et al.,?? we found 
- that amiodarone lengthened the refractory period of the 
..— A-V node, the A-H interval and usually also the re- 
.. fractory period of the atrium and ventricle. In some of 
our patients there was also prolongation of the H-V 
... interval, indicating slowing of conduction in the spe- 
-  cialized conduction system distal to the A-V node. 
_ Mechanism of amiodarone effects on circus 
— movement tachycardias: The effect of amiodarone on 
M circus movement tachycardias with A-V conduction 
_ over the A-V node and V-A conduction over the acces- 
- . sory pathway varied individually. This was the result 
- of different mechanisms: (1) Amiodarone had dissimilar 
- effects on refractoriness of the accessory pathway in the 
_ A-V and V-A directions (Fig. 1 and 2). This finding 
. . confirms a previous observation!6 that the effect of a 
_ drug on circus movement tachycardia in the Wolff- 
—. Parkinson-White syndrome cannot be predicted from 
.. its effect on the accessory pathway during atrial pacing. 
E- (2) Although prolongation of the refractory period of the 
. accessory pathway in a V-A direction after amiodarone 
.. could be demonstrated, concomitant slowing in the A-V 
— nodal conduction system resulted in delayed arrival of 
..— the atrial impulse in the ventricle at a time when the 
-. ventricular end of the accessory pathway had recovered. 
-.. The interplay between prolongation of the length of the 
= refractory period of different constituents of the 
Ud _ tachycardia circuit and slowing of conduction of the 
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circulating impulse led in some patients to widening of 
the zone of tachycardia and shortening or no change in 
the width of this zone in others. (3) New mechanisms 
of initiation of tachycardia occurred, such as slowing of 
conduction in the subnodal conduction system (Fig. 3) 
or initiation of tachycardia after ventricular or A-V 
nodal reentry (Fig. 4 and 5). Since no blood levels of 
amiodarone were determined, individual differences in 
these levels may have also played a role in the effect of 
the drug on circus movement tachycardia. 

In all our patients heart rate during tachycardia was 
much slower during amiodarone therapy than before 
drug administration. This was the result of slowing of 
conduction of the circulating impulse in different parts 
of the tachycardia pathway. 

Clinical implications: Rosenbaum et al. found a 
beneficial effect of amiodarone in patients with the 
Wolff-Parkinson-White syndrome and atrial fibrillation 
and in those with circus movement tachycardia. Our 
data from programmed electrical stimulation support 
the use of the drug in atrial fibrillation. During our study 
the effect of amiodarone on circus movement tachy- 
cardia varied in individual patients. However, pro- 
grammed electrical stimulation of the heart provides the 
premature beat necessary to initiate tachycardia. Pre- 
vention of premature beats after administration of 
amiodarone might result in a favorable effect of the drug 
on circus movement tachycardia as well. 
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The efficacy of tolamolol, a cardioselective beta adrenergic blocking — 
agent, was evaluated in the treatment of cardiac arrhythmias in 27 pa- E 
tients. Nineteen patients had supraventricular arrhythmias and eight had — 
ventricular arrhythmias. Evaluation was by double-blind randomized trial — 
in 23 patients. Tolamolol was effective in reducing ventricular rate in 17 — . 
(85 percent) of 19 patients with supraventricular arrhythmias and resulted 
in conversion to sinus rhythm in 2 of the 17. The mean ventricular rate in 3 
17 patients decreased from 135 to 102/min 10 minutes after initiation of 
administration of tolamolol and gradually decreased further to 93/min after a 
60 minutes. Reduction in ventricular rate was sustained for 2 hours of E 
monitoring undergone by all patients and for 4 and 6 hours monitoring in a 
two subgroups. Among the eight patients with ventricular ectopic beats, E 
tolamolol reduced their frequency in four patients and had no effect in four. 
Six patients had chronic obstructive pulmonary disease and experienced. B. 
no adverse clinical effects on respiratory function in association with — 
administration of tolamolol. Untoward effects occurred in 10 patients, E 
including hypotension in 3, 1 of whom required vasopressor therapy. Other . 
side effects were sedation, nausea, dyspnea and warmth in the chest, all 
of which were mild and transient, requiring no treatment. | E 
Cardioselective beta adrenergic blockade with tolamolol was highly _ 
effective in controlling ventricular rate in supraventricular arrhythmias 
and reduced the frequency of ventricular ectopic beats in half of the small — 
group of patients with this arrhythmia. It is particularly applicable in pa-  - 
tients with obstructive pulmonary disease in whom cardiac beta adren- — 
ergic blockade is indicated. Hypotension is an important potential side E 
effect. 3 







The efficacy of beta adrenergic blocking agents has been demonstrated | 
in the treatment of a variety of cardiac arrhythmias.!-? Most clinical — 
experience with this class of compounds pertains to propranolol which, ^ 
although generally useful, is limited or contraindicated in certain con- — 
ditions.3569-11 The development of beta adrenergic blocking agents with — 
specificity for the subcategories of beta receptors, and thereby with tissue — 
selectivity, has broadened the indications and increased the applicability 
of this form of therapy. Tolamolol is a recently introduced phenoxy- . 
propranolamine derivative that preferentially inhibits myocardial beta — 
adrenoreceptors,®!2-!5 possesses beta blocking potency equivalent to 
propranolol,®-!3-!6 has little or no direct cell membrane effects® and lacks | 
beta adrenergic stimulating action.®!3-16 This study evaluated the effi- d 
cacy of intravenously administered tolamolol* in the treatment of cardiac - 
arrhythmias of atrial and ventricular origin in man. ; 


Methods and Materials 


The study group consisted of 28 hospitalized patients, 18 men and 10 women, ; 
with a mean age of 64 years (range 50 to 83). Twenty patients had supraven- — 
tricular tachyarrhythmias, and eight were treated for ventricular arrhythmias. | 


















* Kindly supplied for investigation by Colin Taylor, MD of Pfizer, Inc., Groton, Conn. 
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The supraventricular arrhythmias consisted of atrial fibril- 
lation (16 patients), multifocal atrial tachycardia (2 patients) 
and atrial flutter (2 patients), The ventricular arrhythmias 
included ventricular ectopic beats in all eight patients and 
salvos of three to four consecutive beats in one of the eight. 
Primary diagnoses in the patients with supraventricular 
tachyarrhythmias were chronic obstructive pulmonary disease 
(six patients), rheumatic valvular heart disease (four patients), 
_ chronic ischemic heart disease (four patients), atrial septal 
- defect (one patient), pneumonia (two patients), postcardiac 
. surgery arrhythmia (one patient) and cardiomyopathy (one 
S. patient); in one patient with supraventricular tachyarrhyth- 
.. mia no underlying cardiac or systemic disease was evident. 
_ Diagnoses in the group with ventricular arrhythmias included 
. chronic ischemic heart disease (three patients), rheumatic 
valvular heart disease (three patients) and cardiomyopathy 
(one patient); in one patient no underlying cause was evident. 
In the 20 patients with supraventricular tachyarrhythmias 
the ventricular rate was 110/min or greater (mean 136/min, 
range 110 to 200). In the group with ventricular arrhythmias, 
_ ventricular ectopic beats occurred at a frequency of 5 or 
... more/min in all patients (mean frequency 24/min, range 5 to 
= 46/min), were multifocal in four patients and paired in five 
. patients. In the single patient with salvos of ectopic beats this 
. phenomenon occurred 10 times/min. 
— A EBlectrocardiographic data: Persistence of the arrhythmia 
_ for at least 30 minutes before the onset of treatment was 
_ documented in all patients. All electrocardiographic data were 
- obtained by continuous monitoring on electromagnetic tape 
- with a portable electrocardiographic recorder (Avionics model 
- 885 or 400). Continuous monitoring was performed for 30 
_ minutes before drug administration and for up to 6 hours 
. thereafter. The tapes were analyzed on an electroscanner 
. (Avionics model 350) at a ratio of scanning speed to real time 
.. of 60:1. Electrocardiographic recordings for determination of 
cardiac rhythm and rate were made from the tapes when any 
change in rhythm occurred and, in addition, at 5 minute in- 
tervals before and during drug administration and at 10 and 
. 80 minutes and 1 hour intervals after completion of admin- 
.. lstration. Each recording was at least 1 full minute, or for as 
long as required to record an actively changing rate or rhythm. 
. At each data point, the ventricular rate in the patients with 
supraventricular tachyarrhythmias and the frequency of 
. ventricular ectopic beats in the patients with ventricular ar- 
. rhythmias were determined by direct counting of the full 
- minute recordings. During scanning of the tapes, calculation 
— (by averaging of ventricular rate and summation of total 
. number of ventricular ectopic beats) of these same data for 
. periods of 5 to 15 consecutive minutes which encompassed 
. each of the data points demonstrated no differences in the 
. information provided by the selected recording points and the 
. associated larger intervals. 
Drug administration protocol: Administration of medi- 
_ cation was by double-blind trial of tolamolol and placebo in 
. 15 of the 20 patients with supraventricular tachyarrhythmias 
. and 6 of the 8 patients with ventricular arrhythmias. Five of 
_ the former patients and two of the latter received tolamolol 
— by open administration without placebo trial. The trial pro- 
__ tocol consisted of consecutive intravenous administration of 
_ tolamolol and placebo (saline solution) in double-blind, ran- 
- domized fashion, each over a 30 minute period. T'he two agents 
.. were obtained from coded vials for later identification. The 
. maximal dose of tolamolol was 20 mg. Total volume of each 
. agent was 10 ml, and administration was by incrementally 
. increasing volumes, so that tolamolol was given in the fol- 
— lowing manner: 0 minute 1 mg, 5 minutes 2 mg, 10 minutes 2 
. mg, 15 minutes 3 mg, 20 minutes 3 mg, 25 minutes 4 mg, 30 
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minutes 5 mg (total 20 mg). If there was no significant effect 
within 40 minutes after initiation of therapy with the first 
agent, the second agent was given according to the same pro- 
cedure. The same method of administration was employed in 
the patients who received tolamolol openly. Drug adminis- 
tration was discontinued at any point in the sequence if a 
satisfactory therapeutic effect on cardiac rhythm was obtained 
or if untoward signs or symptoms occurred. 

All data were analyzed without knowledge of their relation 
to placebo or tolamolol therapy. 


Results 
Supraventricular Tachyarrhythmias 


Tolamolol was effective in 17 (85 percent) of the 19 
patients who received it for supraventricular tachyar- 
rhythmias. The therapeutic effect consisted of reduction 
of ventricular rate in 15 patients and conversion to 
normal sinus rhythm in 2 patients (Table I). Tolamolol 
had no beneficial effect in two patients (11 percent), one 
with atrial fibrillation and one with multifocal atrial 
tachycardia. One patient did not receive tolamolol be- 
cause conversion from atrial fibrillation to normal sinus 
rhythm occurred during prior placebo administration. 
Placebo was without effect in the other 9 of the 15 pa- 
tients in the double-blind trial who received it. Five of 
the 15 patients in the double-blind trial did not receive 
placebo since tolamolol, the first agent given them, 
produced a therapeutic response. The total dose of to- 
lamolol given was 20 mg in 10 patients, 15 mg in 1 pa- 
tient, 11 mg in 2 patients, 8 mg in 3 patients and 5 mg 
in 3 patients. 

The two patients who manifested conversion to nor- 
mal sinus rhythm with tolamolol had atrial fibrillation 
and atrial flutter, respectively. The mean ventricular 
rate in the responsive group of 17 patients decreased 
abruptly from 135/min to 102/min 10 minutes after 
initiation of tolamolol therapy and progressively de- 
creased further to 93/min at 60 minutes after the onset 





TABLE | 

Summary of 28 Cases 
T olamolol Tolamolol Tolamolol 
Therapy Benefit Failure 
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Supraventricular Arrhythmias (20 patients) 


eee 
Number of patients 19* 17 (89%) 2 (11%) 
Percent decrease in 35 (13 to 55) 

ventricular rate 

in responders 
Conversion to normal 

sinus rhythm 
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Ventricular Arrhythmias (8 patients) 


Soy e 
Number of patients 8 4 (50%) . 4 (50%) 
Percent decrease in 98 (93—100) 

ventricular ectopic ' 

beats/min in re- 

sponders 
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*In 1 of the 20 patients atrial fibrillation was converted to nor- 
mal sinus rhythm during placebo administration; this patient there- 
fore did not receive tolamolol. 3 

T Maximal effect. 


2 of 19 (11%) 








of therapy (Fig. 1). Reduction in the ventricular rate was 
sustained for the 2 hour monitoring period undergone 
by the entire group and throughout the 4 and 6 hour 
intervals during which recording was continued in two 
subgroups (11 and 8 patients, respectively) (Fig. 1). 
Figure 2 illustrates the response to tolamolol in a patient 
with atrial fibrillation and Figure 3 in a patient with 
atrial flutter. The mean maximal reduction of ventric- 
ular rate was 35 percent (13 to 55 percent) in the re- 
sponsive group (Table I), and the maximal reduction 
was 23 percent or more in 14 of the 17 patients (82 per- 
cent). This maximal reduction occurred within 30 
minutes or less of tolamolol administration in 14 pa- 
tients. The reduction of ventricular rate after admin- 
istration of tolamolol persisted for 2 or more hours after 
completion of drug administration in 15 of the 17 pa- 
tients and was of 30 and 60 minutes’ duration in the 
remaining 2. 


Ventricular Arrhythmias 

Tolamolol therapy was effective in four (50 percent) 
of the eight patients with ventricular arrhythmias 
(Table I). Placebo had no effect on these arrhythmias 
in any of the five patients receiving it, and tolamolol was 
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FIGURE 1. Ventricular rate before (C) and after intravenous adminis- 
tration of tolamolol in the 17 patients with supraventricular tachyar- 
rhythmias with effective response. Evaluation was carried out for 2 
hours in the entire group and for 4 and 6 hours for subgroups of 11 and 
8 patients, respectively. Tolamolol was administered during the first 
30 minute period. Times after the first 30 minutes refer to interval after 
completion of tolamolol administration. Data are indicated as mean + 
standard error of the mean. hr. = hours; m = minutes. 
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FIGURE 3. Serial electrocardiograms after intravenous administration 
of tolamplol in a patient with atrial flutter. The cumulative dose of to- 
lamolol is indicated in parentheses at each time period. 
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without effect in four patients (50 percent) (Table I). 
The total dose of tolamolol was 20 mg in seven patients 
and 5 mg in one patient. 

In the four patients who responded to tolamolol, the 
mean frequency of ventricular ectopic beats decreased 
relatively rapidly and progressively, reaching a mini- 
mum at 2 hours that persisted at 6 hours (Fig. 4); the 
maximal decrease in frequency was 100 percent in each 
of the four patients. Two of the four patients had mul- 
tifocal ventricular ectopic beats, and one had paired 
ectopic beats before administration of tolamolol, all of 
which were abolished after the drug was given. In the 
patient with frequent salvos of ventricular ectopic beats, 
complete suppression was achieved. There was no 
relation between type of underlying heart disease and 
response to tolamolol. 

The time course of the response to tolamolol was very 
similar in the patients with supraventricular tachyar- 
rhythmias and in those with ventricular ectopic beats 
who responded to the drug (Fig. 1 and 4). 
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FIGURE 2. Serial electrocardiograms after intravenous administration 
of tolamolol in a patient with atrial fibrillation. The cumulative dose of 
tolamolol is indicated in parentheses at each time period. Vent. = 
ventricular. 
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FIGURE 4. Frequency of ventricular ectopic beats (VEB) before (C) and 
after intravenous administration of tolamolol in four patients with a 
therapeutic response. Tolamolol was administered during the first 30 
minute period. Times after the first 30 minutes refer to interval after 
completion of tolamolol administration. Data are indicated as mean + 
standard error of the mean. hr. — hours; m — minutes. 
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— Untoward Effects 


__ A total of 11 untoward effects occurred in 10 patients 
.. in association with tolamolol therapy. These included 
~ hypotension (three patients), defined as a decrease in 
= systolic blood pressure of 30 mm Hg or more or a re- 
_ duction of this pressure to less than 100 mm Hg; a warm 
_ feeling in the chest (five patients); sedation (one pa- 
tient); nausea (one patient); and dyspnea (one patient). 
__ The warm sensation in the chest was not associated with 
-4 ^: symptoms of pressure, constriction or other evidence 
. of angina pectoris. This symptom and the latter three 
. reactions were mild and transient and did not require 
. alteration of drug administration. All three patients 
-~ with hypotension had supraventricular tachyarrhyth- 
- mias, and a significant reduction of ventricular rate had 
.. been achieved at the time of the reduction in blood 
.. pressure, which was transient in two patients, reverting 
_ to normotensive levels without specific therapy. 
ES . In the third patient with hypotension, l-norepinephrine 
. infusion was required. This patient was a 60 year old acutely 
_ and chronically ill man who had presented the previous day 
— with pneumonia in the right middle and lower pulmonary 
__ lobes, symptoms of alcohol withdrawal and atrial fibrillation 
— with a ventricular rate of 180/min. He also had chronic ob- 
. structive pulmonary disease, lymphoma and macrocytic 
. anemia. When he received tolamolol on the 2nd hospital day 
F he was comatose, had undergone endotracheal intubation and 
— was requiring mechanical ventilatory assistance consequent 
__ to respiratory and cardiac arrests on the previous day. He had 
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- atrial fibrillation with a ventricular rate of 200/min that was 



























3 _ unresponsive to direct current countershock, digitalis and 
quinidine. Systolic blood pressure ranged from 76 to 100 mm 


_ Hg. Immediately before administration of tolamolol, the 


* Hg. After 1 mg of tolamolol, the ventricular rate decreased to 
_ 175/min and blood pressure increased to 110/80 mm Hg. After 
= an additional 2 mg of tolamolol the ventricular rate was 
... 200/min and blood pressure 90/60 mm Hg. Administration of 
. 2mg more of the drug was followed after 4 minutes by a re- 
= duction in ventricular rate to 140/min, but systolic blood 
_ pressure decreased to 70 mm Hg. Infusion of l-norepinephrine 
. immediately restored blood pressure to 120/90 mm Hg. Va- 
. Sopressor therapy was progressively decreased and completely 
_ discontinued after 4 hours, but the patient remained comatose 
.. with no improvement and died 24 hours later after recurrent 


- ventricular arrhythmias, hypotension and two cardiac arrests. 


A Discussion 


E Tolamolol was consistently and rapidly effective in 
E 'educing the elevated ventricular rate in patients with 
_ supraventricular tachyarrhythmias. It was less reliable 
E in the treatment of ventricular arrhythmias, but suc- 
. cessfully suppressed them in half of the small group of 
patients who received it for this indication. The ar- 
rhythmias responding to tolamolol were related to a 
wide variety of underlying diagnoses, suggesting the 
. broad applicability of the agent. These conclusions re- 
_ garding the therapeutic efficacy of tolamolol are sup- 
_ ported by the controlled, objective method of evaluation 
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. used in this study. b UN SS. 
. Electrophysiologic effects: The antiarrhythmic 
effect of tolamolol is attributable to its myocardial beta; 
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_ ventricular rate was 200/min and blood pressure 100/70 mm - 
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adrenergic blocking action, since the agent has little 
local anesthetic or quinidine-like effect on cellular 
transmembrane potentials. Cardiac beta adrenergic 
blockade antagonizes the actions of intrinsic or extrinsic 
sympathetic stimulation of the heart, resulting in de- 
layed conduction velocity and increased refractory pe- 
riod in the atrioventricular (A-V) node and decreased 
automaticity of myocardial cells,1359 effects that are 
potentially beneficial in a variety of arrhythmias of 
supraventricular and ventricular origin. The reduction 
of ventricular rate by tolamolol in supraventricular 
arrhythmias is closely related to its prolongation of the 
refractory period and delay of conduction in the A-V 
node, resulting in a decrease in the number of impulses 
reaching the ventricles. Blockade of cardiac beta re- 
ceptors is beneficial in those ventricular arrhythmias 
related to augmented sympathetic neurohumoral 
stimulation of the myocardium.!:3.5-7,9 

Clinical experiences: The effectiveness of tolamolol 
in our patients confirms preliminary experience with 
this agent.175 These earlier studies also demonstrated 
greater efficacy of intravenously administered tolamolol 
in the treatment of supraventricular than ventricular 
arrhythmias. Further, in these studies, in the great 
majority of patients with atrial fibrillation and flutter, 
the therapeutic effect consisted of reduction of ven- 


tricular rate and, as in our experience, conversion to- 


sinus rhythm was unusual. In digitalis-induced ar- 
rhythmias, whether supraventricular or ventricular, a 
high rate of success with tolamolol was noted1%-18 and 
preliminary data!? indicated that orally administered 
tolamolol was beneficial in the treatment of cardiac 
arrhythmias in ambulatory patients. 

Further evidence of the efficacy of cardioselective 
beta adrenergic inhibition in the treatment of cardiac 
arrhythmias is afforded by experience with practolol, 
another beta; adrenoreceptor blocking agent. In its 
application by our group* and others,?5- practolol has 
had a relatively consistent action of effectively reducing 
excessive ventricular rate in supraventricular tachyar- 
rhythmias associated with acute ischemic heart disease 
and other causes. As with tolamolol, conversion to sinus 
rhythm has been an uncommon response to the drug, 
reflecting its negligible direct effect on the membrane 
potential of cardiac cells.59.1? Practolol has also been 
reported to be of value in the treatment of ventricular 
arrhythmias after acute myocardial infarction.2? 

Clinical use in patients with pulmonary disease: 
The clinical importance of the cardioselectivity of to- 
lamolol was demonstrated in our study. Six patients 
with substantial obstructive pulmonary disease received 
the drug with no untoward effects. Obstructive pul- 
monary disease has posed a major limitation on the use 
of propranolol because of its exacerbation of impaired 
respiratory function by inhibition of beta receptors of 
bronchial smooth muscle with resultant bronchocon- 
striction.»69-1! Tolamolol possesses a major advantage 
of applicability in this group of patients since, as a car- 
dioselective beta; blocking agent, it has relatively little 
effect on beta» adrenoreceptors, which subsetve bron- 


chial smooth muscle.5:6.12.13 
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Comparison with propranolol: In addition to the 
beneficial aspects of tolamolol related to its cardio- 
selectivity, clinical evaluation in our laboratories 
has demonstrated myocardial beta receptor inhibition 
quantitatively similar to that of propranolol with con- 
comitantly less depression of cardiac function.!? At 
doses of tolamolol and propranolol with equipotent 
attenuation of intrinsic cardiac chronotropic state, to- 
lamolol was associated with less decrease in myocardial 
contractility, as indicated by indexes of contractile state. 
Further, the blockade of cardiac inotropic and 
chronotropic response to catecholomine infusion in- 
duced with tolamolol was quantitively similar to that 
induced with propranolol, and tolamolol had signifi- 
cantly less effect on systemic vascular resistance than 
propranolol.!° 
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Untoward effects: The most significant untoward 
effect in our patients was hypotension, which occurred 
in three patients (16 percent). The reaction was tran- 
sient but required vasopressor support in one patient. 
In a previous study, tolamolol produced a substantial 
reduction of blood pressure in three of four normoten- 
sive human volunteers.!? These results indicate that 
intravenous administration of tolamolol requires careful 
observation of blood pressure and that the agent should 
not be utilized in states associated with hypotension or 
difficulty in maintenance of blood pressure. 
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Patient-Initiated Rapid Atrial Pacing to Manage 
- Supraventricular Tachycardia 


Sal ER T 


ALAN KAHN, MD, FACC*? Patient-controlled rapid atrial pacing was used to manage 12 cases 
i ` JAMES J. MORRIS, MDt of recurrent supraventricular tachycardia refractory to drug therapy. The 
. PAUL CITRON, MSEE: pacing system consists of an implanted receiver-lead system and an 
E. : external patient-activated transmitter. In each case. brief periods (5 to , 
F eapolis, Minnesot ; i 
^ caia Keys py 20 seconds) of rapid atrial pacing were effective in terminating the su- 


praventricular tachycardia and resulted in a return to normal sinus rhythm. 
In three patients, occasional transient episodes of atrial flutter or atrial 
fibrillation preceded a spontaneous return to normal sinus rhythm. The 
pacing system was removed in one patient 13 months postoperatively 
because of persistent pericarditis; one patient died of an unrelated cerebral 
? hemorrhage 13 months postoperatively. Successful management of su- 
praventricular tachycardia has been maintained in the 10 remaining pa- 
tients for 15 to 36 months (average 26.4). In more than 6,000 patient 
applications of rapid atrial pacing, there has been only one failure to 
convert the tachycardia. 

Successful application of permanent rapid atrial pacing requires (1) 
prescreening of patients with temporary external rapid atrial pacing to 
verify susceptibility to conversion of supraventricular tachycardia and 
absence of anomalous conduction pathways that may permit conduction 
of rapid pacing rates to the ventricles, and (2) assessment of the patient's 
ability to use the transmitter properly. 


Maia 
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l Occasional transient episodes of supraventricular tachycardia are usually 
3 well tolerated by apparently healthy persons. However, these episodes 
E may result in apprehension, emotional aberrancy, angina, syncope or 
zi congestive heart failure in persons with protracted recurrent episodes 
: or in those with other underlying cardiovascular diseases.! Present 
| techniques for control and management of supraventricular tachycardia 
in symptomatic patients can be grouped as follows: 


E 1. Drug therapy: including administration of sedatives, digitalis, quinidine, 
| procainamide, lidocaine and propranolol. 

2. Manual neural stimulation: carotid sinus massage; other vagal stimulation 
such as the Valsalva maneuver.? 


- From the University of Minnesota School of 3. Surgical intervention: surgical interruption of atrioventricular conduction 
Medicine, Minneapolis, Minn.,* Medtronic, Inc., pathways.? 

_ Minneapolis* and Duke University Medical Center, 4. Electrical stimulation: direct current cardioversion; temporary rapid 

. Durham, N. C. Manuscript received September pacing‘; artificial pacemakers5$; carotid sinus nerve stimulation." 

| y. buen ic leaner as. even ancl This paper reports the results observed in 12 patients with recurrent 

..—. Address for reprints: Paul Citron, MSEE, Med- episodes of supraventricular tachycardia refractory to multiple drug 

. tronic, Inc., 3055 Old Highway Eight, Minneapolis, regimens who received an artificial pacemaker for self-managentent of 
Minn. 55418. these episodes. 
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|. Materials and Methods — | 
| Pacemaker system and implantation: The pacemaker 
| system used in this study consists of an implanted receiver- 
‘  Jead and a battery-powered externally worn patient-activated 
~ transmitter-antenna specially designed by Medtronic, Inc. 
. Energy transmission between the transmitter and implanted 
= receiver is accomplished through radiofrequency coupling. 
-= With the antenna connected to the transmitter and the 
transmitter activated by maintained depression of the on/off 
button on the transmitter, pulsed radiofrequency signals 
(carrier signal 480 kilohertz) are conducted to the windings 
of the antenna loop. When the antenna loop is placed in close 
~ proximity to the implanted receiver, pulsed radiofrequency 
- energy radiating from the antenna is picked up by the re- 
| — eeiver's internal antenna. Detecting and filtering circuits in 
i the receiver transform the signal to nominal 2 msec stimula- 
-— . tion pulses. Stimulator pulse frequency is controllable at the 
~. .. transmitter at rates of 50 to 300 pulses/min. The pulses are 
-conducted by way of bipolar leads to the right atrium (Fig. 1). 
~ Pulse amplitude of the stimuli at the electrodes is dependent 
= on the separation between the receiver and the antenna and 
S is maximally 20 milliamperes when the separation is ap- 
= proximately 1 cm in air. The receiver is powered by the 
. . transmitted signal and therefore contains no power cells. 
` In each of 10 patients, a thoracotomy was performed and 
-~ myocardial leads (Medtronic 5815) were sutured to the right 
_ atrial myocardium. The right atrial appendage was the at- 
= tachment site of choice since the anterior and posterior walls 
EX of the appendage could be used to secure the electrode by 
ms passing sutures through the electrode foot plate and both 
(m  appendage walls, thus providing more secure fixation to the 
_ . relatively thin atrial myocardium.? This attachment also as- 
~ sures that the entire conducting coil of the electrode is in 
. contact with myocardium. Alternate fixation sites such as the 
|. interatrial groove and right mid-atrium were utilized when 
= surgical considerations dictated. 
Sage. Two patients received endocardial atrial leads. Patient 5 
— . had aJ lead (American Optical Corp.) placed in the right atrial 
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i = appendage. Patient 7 had a bipolar endocardial lead (Med- 
_ tronic 5818) placed in the coronary sinus. 
~ . Patient selection: Participating patients were required to 
~ have documented poorly tolerated chronic recurrent supra- 
ix - ventricular tachycardia unsuccessfully managed by more 
Er -conservative techniques. In all, multiple drug regimens had 
~ been ineffective in preventing the onset or decreasing the 
We . duration of the tachycardia and carotid sinus massage and the 
<- Valsalva maneuver were also ineffective. Cardioversion was 
»— employed in several patients, but the recurrent nature of the 
= tachycardia made this an ill tolerated procedure. Since the 
incidence of supraventricular tachycardia with accompanying 
morbidity was very low at any one center, the study was ex- 
panded to involve several centers, each using the same criteria 

for patient selection. 

The effectiveness of rapid atrial stimulation in managing 
supraventricular tachycardia was established during the 
screening process.? Temporary pacing catheters were posi- 
tioned in the right atrium, and conversion of supraventricular 
tachycardia was attempted using external pulse generators 
capable of asynchronous rapid pacing to rates of 300 pulses/ 

. — min. Demonstration that pacing could terminate an episode 
». of supraventricular tachycardia and concurrent verification 
that rapid pacing rates were not conducted to the ventricles 
| by way of anomalous conduction pathways were required 
|. before permanent pacemaker implantation could be per- 


formed. + 


leads using a temporary pacemaker. Thresholds below 3 | 





























receiver and atrial pacing was instituted using the entire — 
system to verify proper operation. This procedure was re- | 
peated after the receiver was totally implanted to reverify — 
correct operation of the system. So Abo S MM 
Patient-initiated pacing: Most patients receiving the — 
pacemaker experienced episodes of supraventricular tachy- __ 
cardia during the post-surgical hospitalization. These episodes _ 
were successfully managed using the pacemaker system (Fig. — 
2). | A 
Before discharge, each patient was instructed in correct use — 
of the transmitter. During an episode of supraventricular — - 
tachycardia, he was to adjust the pacing rate to the rate that 
had effectively converted the tachycardia during the screening — 
and evaluation process and then to activate the transmitter — 
by depressing the on/off button for five to twenty seconds. If — 
relief was not obtained after the first application, a second _ 
attempt was to be made. Failure of the tachycardia to revert —— 
after two successive applications was to be reported imme- — - 
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FIGURE 1. Schematic representation of the radiofrequency pacemaker 
system implanted and ready for patient activation. pr M PE RM 
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5 Results ^— cw 
= Patient-initiated rapid atrial stimulation with the 
... described pacing system has been used successfully in - 
. more than 6,000 applications (based on extrapolation 


— of frequency of use and months of follow-up) by the 12 
. Studied patients. Table I summarizes the observed re- 
.. sults. Frequency of application ranged from 10/day to 

. approximately 1/month. In one patient (Case 6) at- 
. tempts at conversion failed to terminate the arrhythmia 
on a single occasion. When she reported for treatment, 

X. pacing with the pacemaker at several different rates 

- (150, 180, 200, 300 pulses/min) failed to convert the 


X. areturn to sinus rhythm. This patient has since had no 
- episode of supraventricular tachycardia refractory to 
_ rapid atrial stimulation. 

— — In one patient (Case 1) the pacing system was re- 
.. moved 13 months postoperatively because of persistent 
. pericarditis. One patient (Case 10) died 3 months 
_ postoperatively after an unrelated massive cerebral 
Es hemorrhage confirmed at autopsy. In the 3 months after 
. implantation, this patient used the system successfully 
on four occasions. Effective management of supraven- 
= tricular tachycardia has been maintained in the 10 re- 
. maining patients in the study for 15 to 36 months (av- 
d erage 26.4). | 

= The usual result of brief rapid stimulation of the atria 
_ during an episode of tachycardia was a return to sinus 
- rhythm. Two patients occasionally experienced atrial 
_ fibrillation with a resulting ventricular rate of 60 to 70 
beats/min. These fibrillatory episodes spontaneously 
. reverted to sinus rhythm within minutes or hours. Two 
~ patients occasionally had brief periods of atrial flutter 
. that spontaneously reverted to sinus rhythm. 
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The following case studies are presented as typical. 


Case 11 | | LA TE A 

A 66 year old man was admitted to the hospital in May 1972 
with persistent palpitations. He had a 7 year history of epi- 
sodes of similar palpitations. There was no history of rheu- 


matic fever, hypertension, diabetes mellitus, dizziness, syn- _ 


cope or manifestations of congestive heart failure. During this 
hospitalization, numerous episodes of paroxysmal atrial 
tachycardia (heart rate 166 beats/min) were recorded. These 
episodes were converted to sinus rhythm with carotid sinus 
massage. During the next 15 months, the patient was read- 
mitted to the hospital 10 times with episodes of more than 1 


hour's duration of paroxysmal atrial tachycardia that did not 


revert spontaneously with the Valsalva maneuver or carotid 
sinus massage. During these hospital admissions, carotid sinus 
massage followed by administration of edrophonium, phen- 
ylephrine, diazepam, propranolol, diphenylhydantoin and 
occasionally lidocaine was successful in converting the par- 
oxysmal atrial tachycardia. This patient was receiving 
maintenance doses of digoxin and quinidine; after an allergic 
reaction to quinidine, he was given procainamide instead. At 
least 100 episodes of paroxysmal atrial tachycardia had been 
documented during these periods of hospitalization. Because 
of the frequency and long duration of the episodes and the 
inability of normal medication regimens to suppress the epi- 
sodes, a radiofrequency-coupled pacemaker was implanted 


in August 1973. Each subsequent episode of paroxysmal atrial 


tachycardia has been successfully converted to sinus rhythm 
with rapid atrial pacing, initially at 240 pulses/min and now 
at 200 pulses/min. The patient is being maintained on a reg- 
imen of digoxin, procainamide and propranolol. The fre- 
quency of paroxysmal tachycardia has decreased since im- 
plantation to about 1 episode/month. The cause of this de- 
crease is unclear. 


Case 8 


A 58 year old man, has had since age 14 episodes of palpi- 


tations that reverted spontaneously to sinus rhythm. Wolff- 


TS mmary of 12 Cases of Radiofrequency Pacemaker Implantation 

















ee Age at 
E Date of Implantation Frequency Concurrent 
| Implantation (yr) Effect of Rapid Atrial Pacing of Attack PPM Drug Therapy 
ES. 7/70* 22 NSR, AVB (100/min), AFI 10/day = "s 
eae A 2/72 46 NSR 10—15/week 280 Digoxin, 
EU cuu quinidine, 
B oen diazepam 
E 3. 0$. 2/72 42 NSR 3/week 300 Propranolol 
Bod xen. 472 23 NSR 2—4/day 300 — 
DB Tn 5/72 44 NSR, AF (60/min), AFI [4:1] 2—3/week 300 Digoxin 
E 87500 :5/73 61 NSRT 3—4/week 150—200 Propranolol 
es SF A 3/73 55 NSR 1/month 300 Procainamide 
E 8 3/73 58 NSR 3/month 300 Digoxin . 
E93. 4/73 45 NSR 7—10/week 200 — 
E 10f 6/73 Sh NSR or AF (70/min) 1/month 250—300 es 
BO daB 67 NSR 2/month 200 Procainamide, 
RES Tae as Sean propranolol, 
A2 EE te mici. digoxin 
REA, Tw a D: 11/73. £i WA NSR 1—2/week 300 Digoxin 
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Parkinson-White syndrome (type B) and paroxysmal atrial 
tachycardia were diagnosed. He has been admitted to the 
hospital six times since October 1971 with episodes of par- 
oxysmal atrial tachycardia lasting for hours (usually converted 
with intravenously administered metaraminol) and has fre- 
quently been treated in the emergency room. With the in- 
creased frequency of paroxysms, the patient's life style 
changed considerably; he lived in fear of the attacks, became 
incapacitated and was not able to work. Before pacemaker 
implantation, the tachycardia was not controlled with ad- 
ministration of digoxin, propranolol, sodium diphenylhy- 
dantoin, quinidine or diazepam, singly or in various combi- 
nations. In March 1973, a receiver and two pediatric leads, 
placed on the upper right atrium, were implanted. The patient 
now converts his episodes of tachycardia (0 to 3/month) using 
a setting of 300 pulses/min. The drug regimen is 0.25.mg of 
digoxin daily. After recovery from the implantation, the pa- 
tient returned to work and resumed normal daily activities. 


Discussion 


The patients selected for study all had a history of 
recurrent attacks of supraventricular tachycardia that 
were not well managed with drug therapy and required 
frequent use of other techniques such as manual vagal 
stimulation or direct current cardioversion. These 
techniques must be applied under constant physician 
control, are not universally or consistently effective and 
are of some risk to the patient.!? Carotid sinus massage, 
for instance, carries with it the risk of cardiac standstill 
if an exaggerated vagal response occurs. It may also 
result in cerebral strokes possibly as a result of release 
of a carotid plaque during massage and it is therefore 
contraindicated in the aged or patients with cerebral 
vascular disease.? In patients with frequent ill tolerated 
episodes of supraventricular tachycardia, the depen- 
dence on outside intervention often becomes debili- 
tating in itself. 

Modes of conversion to sinus rhythm with rapid 
atrial pacing: The return to sinus rhythm after appli- 
cation of rapid atrial stimulation may involve several 
mechanisms: (1) Rapid atrial stimulation may produce 
atrial fibrillation or flutter, which are unstable rhythms 
and therefore tend spontaneously to revert to normal 
sinus rhythm. (2) Application of asynchronous rapid 
stimuli may interrupt a reentry pathway by depolarizing 
atrial portions of the pathway necessary to maintain 
rapid rhythms. (3) When an ectopic atrial focus is re- 
sponsible for the tachycardia, application of rapid 
stimuli to the atria may result in overdrive suppression 
of the ectopic focus. This study was not designed to 
determine the specific mechanism responsible for 
conversion in any specific case. 

Potential risks of method: Several potential com- 
plications related to rapid atrial stimulation have been 
reported and should be considered when applying this 
management technique. They include: (1) Ventricular 
stimulation and possible ventricular tachycardia or fi- 
brillation. This may result from poor lead placement or 
may be due to the existence of anomalous conduction 
pathways bypassing normal atrioventricular conduction 
(as in the Wolff-Parkinson-White syndrome).*"! 
(2) Asystole following pacing.(3) Patient discomfort due 
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to pacing impulses.!°!? These complications could also 


be expected to occur with the radiofrequency-coupled 
system, but we believe that they can be minimized by 
careful screening using temporary pacing, and by ob- 
serving the first several episodes after pacemaker im- 
plantation.!? In this study, atrial epicardial leads were 
applied to minimize the chances of ventricular stimu- 
lation in 10 patients. Endocardial leads were used in two 
patients, and it would be reasonable to assume that with 
use of these leads there is an added risk for potential 


inadvertent ventricular stimulation through dislodg- 


ment of the leads, and more frequent evaluation would 
be required. As a precaution against catastrophic ven- 
tricular stimulation resulting from transvenous endo- 
cardial lead dislodgement and migration, we recom- 
mend a protocol requiring physician-monitored appli- 
cation of rapid stimulation for each episode of tachy- 
cardia during the first several months after endocardial 
lead implantation. 

Requirements for patient selection: Since this 
pacemaker is patient-activated and controlled, careful 
assessment of the patient's ability to use the device must 
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be made. A feeling by the attending physician that the | 


patient would not properly use the transmitter was a 
reason for rejecting that patient for this treatment. The 
patient must be able to (1) recognize that a rhythm 


disturbance is occurring, (2) initiate stimulation at the - 


physician-prescribed pulse frequency, (3) maintain 
stimulation for up to 20 seconds, and (4) recognize 


whether the tachycardia has been successfully con- 
verted. One patient in the group studied was not able - 
to perceive correctly and distinguish between a real and 
imagined attack and therefore tended grossly to over- - 


use the transmitter. Also, it is evident that, since the use 
of myocardial leads is strongly recommended, the pa- 
tient's physical condition should be adequate to tolerate 
the thoracotomy required for their implantation. 
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` Permanent Pacing in Patients With Transient Trifascicular Block 
During Acute Myocardial Infarction 


Patients with acute myocardial infarction and transient complete atrio- 
ventricular (A-V) block in association with right bundle branch block and 
left anterior hemiblock have a high incidence rate of late sudden death 
presumably due to recurrent A-V block. Over a 5 year period, 18 patients 
demonstrated right bundle branch block and left anterior hemiblock and 
had transient complete block during an acute myocardial infarction and 
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survived to hospital discharge. Of six patients who did not have permanent 


pacing, five died suddenly (one was lost to follow-up) with a mean survival 
time of 2.4 months after hospital discharge. Twelve subsequent patients 
received permanent demand pacemakers and had a significantly improved 


prognosis with a mean survival time of 18 months (P 0.001). Six patients 
were Still alive at an average follow-up time of 20 months. Prophylactic 
permanent pacing significantly improves the prognosis after acute myo- 
cardial infarction in this select subgroup of patients. 


Acute coronary care with continuous electrocardiographic monitoring  . 
has significantly reduced the in-hospital mortality of patients suffering 
from acute myocardial infarction. However, late sudden death continues 
to be a major problem in patients surviving an acute infarction.! It is — 
essential to identify and to treat aggressively any subgroup of patients — 


who have an increased risk of sudden death after infarction. Recently 
patients who demonstrate ventricular irritability after infarction have 


been given attention in the expectation that appropriate antiarrhythmic — 


treatment may reduce the incidence of sudden death due to arrhyth- 


mias.? Likewise, patients who experience transient complete atrioven- | 


Methods 


The medical records were reviewed of 1,061 patients admitted to the coronary 
care unit at Parkland Memorial Hospital over a 60 month period with the di- 
agnosis of acute myocardial infarction. Of 71 patients (7 percent) identified who 
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p tricular (A-V) block in association with right bundle branch block and 
left anterior hemiblock at the time of infarction also have a high inci- _ 
dence rate of late sudden death, presumably due to a recurrence of the 5 
complete A-V block.?4 Death due to advanced A-V block may be pre- - 
vented by implantation of a permanent demand pacemaker. 

Our group recently reviewed a series of 425 patients with acute myo- 
cardial infarction that included 6 patients with transient complete A-V _ 
block and right bundle branch block plus left anterior hemiblock. Five — 

From Parkland Memorial Hospital and the Pauline of these patients died suddenly within 6 months after hospital discharge - 
and Adolph Weinberger Laboratory for Cardio- and one was lost to follow-up.? In view of this high mortality rate we 
pulmonary Research, Department of Internal : i j ; $ , 
Medicine, University of Texas Health Science instituted a policy of prophylactically inserting permanent demand 
Center at Dallas, Southwestern Medical School, pacemakers in this group of patients. This report (1) presents the fol- 
Dallas, Texas. This work was supported in part by low-up data of the 12 patients given permanent pacing because of | 
JA m abs Mee fae niger dessins transient complete A-V block with right bundle branch block and left 
iod hacks 29, 1975; revised eure anterior hemiblock during their initial hospitalization for acute myo- 
received February 9, 1976, accepted February 11, cardial infarction and (2) compares survival data for patients with and 
1976. without such treatment. ; ! 
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~ had right bundle branch block and left anterior hemiblock 
during their clinical course, 33 (46 percent) had transient 
complete A-V block during acute infarction. Of these 33 pa- 
_ tients, 15 (47 percent) died after pump failure before hospital 
_ discharge; 6 were discharged without permanent pacing (in- 
cluding 1 lost to follow-up); and 12 consecutive subsequent 
-. patients were discharged with prophylactic permanent de- 
. mand pacemakers. Except for the presence of permanent 
. pacemakers there was no difference between surviving pa- 
_ tients with and without pacing therapy. 

__ The diagnosis of acute myocardial infarction was estab- 
_ lished by a history of chest pain in association with typical 
- enzyme changes or characteristic electrocardiographic 
- changes, or both. The criteria for right bundle branch block 


TABLE I 


. Patients Receiving Permanent Demand Pacemakers 


E^ n. 
A a aM 





ES n Fol- 
ES ot low-Up 
- Case Ageíyr) Location Period NYHA 
.. no.  &Sex of Infarct (mo) Results Class 
EU. 78M Anterior 42 Alive; CHF IT 
BD 2 . 66M Anterior 36 Alive; angina H 
ge 359 81M. Anterior 16 Alive; doing well Hl 
-—— 4 67M Anterior 12 Alive; CHF IT 
T 5 80F Inferior 10 Alive; doing well H 
— 6 . 60M Anterior 5 Alive; doing well I 
We 7 68F ? 25 Died; CHF Hl 
M 8 78M ? 23 Died; CHF I 
x <9 68M Anterior 23 Sudden death II 
E 0 62M Anterior 15 Died; CHF; re- Hl 
| current MI 
11 58M Inferior 12 Sudden death H 
-.12 78M Anterior- 2 Died; pneumonia I 
| | lateral 


— . CHF = congestive heart failure; MI = myocardial infarction; NYHA 
_ Class = New York Heart Association functional class. 
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were those of Bauer® and Scanlon’ and their associates and 
the criteria for hemiblock were those of Rosenbaum et al.8 


Results | 


Clinical course of patients with permanent pac- 
ing: In all 12 patients complete A-V block occurred 
after the development of right bundle branch block and 
left anterior hemiblock. Temporary transvenous de- 
mand pacemakers were inserted without complications 
at the time the ventricular conduction defect was noted. 


Complete A-V block was transient with the re- 


establishment of sinus rhythm and a normal P-R in- 
terval in all patients except one who had atrial fibrilla- 
tion with normal A-V conduction. 

Right bundle branch block with left anterior hemi- 
block was evident in the-admission electrocardiogram 
of nine patients; in eight patients these changes were not 
evident in previous electrocardiograms; one patient had 
no prior electrocardiogram. In the remaining three pa- 
tients these electrocardiographic changes developed 
during the stay in the coronary care unit. 

After the patient’s condition had stabilized, prema- 
ture ventricular beats were no more frequent than 1/min 
in any case. A permanent Starr-Edwards or Medtronic 
demand pacemaker was implanted 1 to 3 weeks after 
infarction. All patients were subsequently followed up 
in a pacemaker clinic. At no time did their symptoms 
or electrocardiographic changes suggest pacemaker 
failure. Seven patients were in New York Heart Asso- 
ciation functional class III and five were in class II at the 
time of pacemaker implantation. 

Survival data: Individual clinical data are listed in 
Table I. The mean age at the time of infarction was 68 
years. In 8 of the 12 patients the infarction was anterior, 


FIGURE 1. Individual follow-up data 
of patients with transient complete 
atrioventricular block associated 
with right bundle branch block and 
left anterior hemiblock developing 
during an acute myocardial infarc- 
tion. Two groups were treated with 
permanent pacing and one was not. 
CHF = congestive heart failure; SD - 
= sudden death; + = patient lost to 
follow-up at 4 months. Arrows in- 
dicate mean survival time for each 


group. 
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in 2 it was inferior and in 2 a precise location could not . 


be established because of extensive ventricular con- 
duction disturbances. The mean survival time for the 
total patient group was 18 months. Six patients were 
alive at the end of the follow-up period (mean 20 
months) and six had died (mean 15 months). The cause 
of death was congestive heart failure in three patients 
(mean survival time 18 months) and bronchopneumonia 
in one patient (survival time 2 months). Two patients 
died suddenly of unknown cause 12 and 23 months, 
respectively, after pacemaker insertion. Neither patient 
had a documented arrhythmia or pacemaker failure 
before death. 

Figure 1 presents follow-up data in the patients 


— treated with and without pacing. The six patients who 


did not undergo pacing have been described previously.? 
All six had conduction disturbances identical to those 
of the patients who underwent pacing, and there were 
no significant differences in age, sex, location of acute 
myocardial infarction or clinical state between the two 
groups of patients. Patients in both groups received 
similar therapy except for permanent pacing. The mean 
survival time of the patients without pacing was 2.4 


J months. Four of the five patients died suddenly at 


home, and one was unconscious on arrival at the emer- 
gency room where advanced A-V block leading to 
asystole was diagnosed before death. In two patients 
autopsy examination revealed no acute cause for sudden 


-. . death (including no recurrent acute myocardial in- 


farction), thus suggesting that death was due to ad- 
vanced A-V block or arrhythmia. One patient was lost 
to follow-up at 4 months. 

There was a striking difference in survival time be- 
tween the patient groups treated with and without 
pacing (Fig. 1). The survival time of patients treated 
without pacing was 2.4 months compared with the mean 
of 18 months for all 12 patients treated with pacing (P 


. <0.001) or the mean of 15 months (P «0.01) for the six 


patients treated with pacing who had died at the time 


of follow-up (Fig. 1, paced-death group). All of the pa- 
- tients treated without pacing died suddenly, whereas 
Pone: three of the six treated with pacing died of congestive 


heart failure, one died of pneumonia, and only two died 


- suddenly. The mean survival time to date for patients 
treated with pacing who are currently alive is 20 months. 


Discussion 


The management of patients who have transient 
complete A-V block in association with right bundle 
branch block and left anterior hemiblock has remained 
controversial. Several studies have revealed a high in- 
cidence rate of late sudden death in patients with such 
changes in association with acute myocardial infarction. 
Scanlon et al.” found that five of eight such patients died 


- suddenly within 8 months of initial hospital discharge. 
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Godman et al.? and Pryor!? also reported an increased 
— risk of late sudden death in this patient group. Waugh — . 


et al.4 observed that six of eight such patients untreated — 
with pacing died suddenly within a 12 month follow-up — . 
period. Because of this high mortality rate they treated E 
seven similar patients with pacing and found no in- _ 
stances of sudden death in 12 months. In contrast, _ 
Waters et al.!! observed no sudden death in a small  . 
group of two patients treated without pacing and one 
patient treated with pacing with a short follow-up time.  . 
Godman et al? have suggested that most patients — 
with extensive conduction abnormalities at the time of E 
acute myocardial infarction have severe underlying . 3 
coronary artery disease with extensive myocardial ne-  . 
crosis. Aggressive treatment with pacing does not im- o! 
prove survival in this group of patients since the poor 
prognosis is due to loss of myocardial function.? 3 . 
Our series strongly suggests that permanent demand — - 
pacing improves the long-term prognosis. Patients —. 
treated with pacing had on average a 16 month longer 
survival time than patients with similar clinical char- 
acteristics who were not so treated. The contention that - 
these patients have severe coronary disease is supported 
by the high overall mortality rate due to pump failure E 
(CHF, Fig. 1) even with pacing. NES I 
Insertion of temporary and subsequently permanent _ 
demand pacemakers was not associated with any sig- 
nificant complications. Most of the patients treated with — 
pacing were able to lead relatively normal lives. EX 
Clinical implications: The total number of patients 
with the syndrome of transient complete A-V block, — 
right bundle branch block and left anterior hemiblock — 
during acute myocardial infarction is small. However, — 
in light of the alarming rate of sudden death in patients _ 
not treated with pacing that we and others*^9-!! have 
observed, further randomized studies of pacing therapy — 
on this group seem unjustified. Patients with transient 
A-V block in association with right bundle branch block — 
and left anterior hemiblock during acute myocardial | 
infarction should be given permanent pacing to prevent . 
late sudden death. "m 
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Addendum 


Since this manuscript was prepared, Patient 1 has 
died of congestive heart failure, 46 months after im- _ 
plantation. Patients 2 through 6 are still alive and in the — 


> 
P 


condition described in Table I. An additional patient 
has undergone implantation and is alive, in New York . 
Heart Association functional class II, 13 months after — 
the procedure. V 
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The cardiac volume data of 49 normal children were compared with those 
of 23 with secundum atrial septal defect and 24 with patent ductus arte- 
riosus. Significantly smaller ventricular end-diastolic volumes were ob- 
served in the normal infants than in older children (right ventricle 53.9 
versus 75.5 cm?/m*?; left ventricle 46.7 versus 63.6 cm?/m?). “Distensi- 
bility” of the right ventricle (Day), left ventricle (D, y) and left atrium in- 


creased normally with age. Day and D, y were similar shortly after birth; . 


thereafter, Day increased more rapidly than D, y (mean Dry 12.7; mean 
D, v 7.8 cm3/m? per mm Hg, P <0.001). In both atrial septal defect and 
patent ductus arteriosus, the ipsilateral (involved) ventricles had increased 
volume, increased output, normal ejection fraction and increased dis- 
tensibility. The contralateral (left) ventricle in atrial septal defect was 
smaller than normal (39.6 versus 49.7 cm?, P <0.001), and had a smaller 
ejection fraction (0.63 versus 0.71, P « 0.01) and output (3.70 versus 4.57 
liters/min per m2, P « 0.005). In contrast, the contralateral (right) ventricle 
in patent ductus arteriosus remained normal. Left atrial maximal volume 
was larger than normal in atrial septal defect (46.6 versus 35.9 cm?/m?, 
P « 0.001). The left atrial and left ventricular volumes in patent ductus 
arteriosus were, respectively, 152 and 142 percent of normal, indicating 
comparable response to the volume load. The left heart changes in atrial 


septal defect may be related both to a functionally restrictive defect and - 


to the difference in distensibility of the ventricles. 


Angiocardiography provides anatomic details of the heart and great 
vessels not reproducible by any other method. The excellent radiologic 
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reproduction has enabled estimation of left ventricular,-? right ven- 


tricular,-3 left atrial£?-!! and right atrial!^ volumes as additional 
measures of cardiac performance. This approach is especially useful for 
the comparative analysis of right and left heart function. 

The purpose of this investigation was to evaluate the response of the 
ipsilateral (involved) ventricle and of the contralateral (unaffected) 
ventricle to isolated volume overload of the right or left heart. The 


pressure and volume data of the right ventricle, left ventricle and left . 


atrium of 23 children with isolated secundum atrial septal defect and 
of 24 children with isolated patent ductus were analyzed. These values 
were compared with similar data obtained from 49 children with normal 
hemodynamic status. 


Materials and Methods 


Volume estimation: The methods used to estimate the volume of the ven- . 


tricles and left atrium have been reported previously.5? The surface areas of the 
frontal and lateral images were obtained from the angiocardiograms by plani- 
metry; in addition, the distances from apex to base in the ventricular images and 
the maximal diameters in the left atrial images were measured. Volume calcu- 
lation was by the parallelepiped method for the ventricles! and by the area- 


length method for the left atrium.? The initial volume estimates were corrected : 


by regression equations specific for each chamber: V, = 0.65 Ve + 0.01 (right 
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| TABLE | 


_ Cardiac Chamber Volumes Related to Body Surface Area 
. in Normal Children | K l * E, 








^ r Regression Equation 
zi. 
— RVEDV 
Infants 0.75 V(cm?) = 60.29 BSA — 2.69 
EC (no. = 10) 
= Children 0.94 Vicm?) = 93.53 BSA — 15.25 
E (no. = 34) 
y n DV 
> — Infants 0.84 V(cm?) = 73.65 BSA — 8.85 
B os (no. = 10) 
Children 0.89 V(cm?) = 63.77 BSA — 0.16 
~*~ (no. = 39) 
Bes 0.84 Vicm?) = 47.40 BSA — 4.63 
|^. — (no. = 10) 
|... .. Children 0.87 V (cm?) = 37.58 BSA — 0.90 










" (no. = 37) 
E 

M eUMMMMMM——————————— 
— BSA = body surface area (in m?); LAmax = left atrial maximal vol- 
ume; LVEDV = left ventricular end-diastolic volume; r = correlation 
_ coefficient; RVEDV = right ventricular end-diastolic volume; V = 
|. volume. 
= 3. 


Es 
2. 
i 


~ ventricle); V. = 0.77 V, + 1.17 (left ventricle); and V, = 1.143 
— V. + 0.14 (left atrium) where Ve = corrected volume and V, 
~ = initial estimate. These equations have been derived from 
t in vitro studies relating true volumes of casts made of the heart 
_. to the volumes estimated from the radiologic images.9:12 
EC The angiocardiograms were obtained in the frontal and 
— lateral projections using Phillips biplane, dual mode (5 and 
^ 9 inch [12.7 and 22.9 cm]) cesium iodide image intensifier 
. tubes with fixed tube to film distances of 81 cm in the frontal 
_ projection and 89 cm in the lateral projection. A Datacor 
_ system facilitated timing of each X-ray exposure through 
- display of the electrocardiogram and pressure-pulse curve in 
~ the cine film. The electrocardiogram and pressure curves were 
. also recorded on paper at speeds of 50 or 75 mm/sec. Different 
.. correction factors for X-ray magnification were used for the 
. three chambers depending on their respective distances from 
_ the X-ray grids.!4 


ta 







.... Protocol: The infants were studied without sedation; the 
a older children were given Demerol? and Vistaril? intramus- 
_ cularly (1.5 to 1.8 mg/kg body weight of each, up to 50 mg) for 
_ premedication. For the Fick cardiac output calculations, 
. oxygen consumption was determined only in 10 children in 
the normal group, in 5 of those with atrial septal defect and 
. in none of those with patent ductus arteriosus; in the rest, 
. normal oxygen consumption!? was assumed. Cineangiocar- 
.. diography was performed after cardiac catheterization; 35 mm 
. movie cameras were used at filming rates of 80 frames/sec in 
_ the infants and 64 frames/sec in the older children. Renografin 
.. 76? in a dose of 1.0 to 1.5 ml/kg was used as the contrast me- 
- dium. For the right ventricular analysis, the contrast material’ 
— was injected into the right atrium to avoid ventricular ar- 
_ rhythmias that otherwise frequently occur during high pres- 
_ sure injection into the ventricles. A second injection of contrast 
. medium was usually made into the pulmonary trunk for di- 
_ agnostic purposes or better visualization of the left ventricle, 
_ or both. At least 10 minutes was allowed between injections. 
. In 15 children with atrial septal defect and in 21 with patent 
. ductus arteriosus, the right atrial angiocardiograms were of 
sufficient contrast to enable border delineation of the left 
atrium and left ventricle as well. In the remaining patients, 
_ the left heart volume analyses were derived from the pulmo- 
. nary angiograms. The heart rates at the time of right and left 
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TABLE JI 


Comparative Values for Chamber Volume and Ventricular 
Output in Normal Infants and Children (mean + standard 
error) : | 





MM à Mr a a Oe 


Children Infants 
Variable (2 to 19 yr) (4 days to 14 mo) P Value 
P E SA N S RE ENT oe. AN EG a 
Heart rate 106.21 + 2.57 135.5 +5.4 <0.001 
(beats/min) (no. = 39) (no. = 10) 
RVEDV 75.48 + 2.26 53.86 + 3.14 <0.001 
(cm?/m?) (no. = 34) (no. = 10) 
RVO 4.83 * 0.25 4.2 * 0.24 NS 
(liter/min (no. = 34) (no. = 10) 
per m?) 
LVEDV 63.56 * 1.83 46.67 * 3.28 «0.001 
(cm?/m?) (no. = 39) (no. = 10) 
LVO 4.77 * 0.19 4.22 + 0.22 NS 
(liter/min (no. = 37) (no. = 9) 
per m?) 
T. 36.63 + 1.13 33.82 + 2.37 NS 
(cm?/m?) (no. = 34) (no. = 10) 


vm apa LEE BM UL dO qu. cc CGU a O MERE E oT 

LAmax = left atrial maximal volume; LVEDV = left ventricular 
end-diastolic volume; LVO - left ventricular output (systemic blood 
flow); NS = not significant; P value = level of significance (t test); 
RVEDV = right ventriculat end-diastolic volume; RVO = right ven- 
tricular output (pulmonary blood flow). 


heart opacification were essentially identical during the atrial 
angiograms; the heart rates during the pulmonary angiograms 
did not differ by more than 10 beats/min from those during 
the corresponding atrial angiograms. 


Case material: The 23 infants and children with atrial | | js 


septal defect ranged in age from 0.3 to 14.6 years (mean 5.4), 


and the 24 with patent ductus arteriosus from 2 weeks to 9 - 


years (mean 3.4 years). The diagnosis was surgically confirmed 
in all but seven of the former and two of the latter who are still 
awaiting surgery. The left to right shunt was localized by hy- 
drogen inhalation curves, blood oxygen analyses and selective 
angiocardiography. No patient had congestive heart failure 
or a right to left shunt. There was no associated valvular ste- 
nosis or regurgitation. Postoperative clinical evaluation re- 
vealed normal cardiac findings. 

The cardiac chamber volumes of 49 children with normal 
cardiac catheterization findings were also analyzed. These 
children were referred for hemodynamic evaluation because 
of suspected organic heart disease or unusual chest roent- 
genographic findings (vascular ring, mediastinal or pulmonary 
mass, pericardial cyst, for example) requiring supplementary 
angiographic studies. Patients with demonstrable cardiac 
abnormality, even though mild, and those with previous car- 
diac surgery were excluded from this group. The angiocar- 
diograms were obtained similarly, with injection of contrast 
medium into the right atrium. Border delineation of the left 
heart chambers was made from these angiograms. These 
normal data represent an expansion of our previous 
study.!4 


Determinations: Technically poor cineangiocardiograms — 


showing poor contrast, subject motion or arrhythmia were not 
analyzed. The end-diastolic volume, end-systolic volume, 
stroke volume and ejection fraction of the right and left ven- 
tricles and left atrial maximal volume were determined. Right 
and left ventricular output measurements were obtained by 


multiplying the respective stroke volume by heart rate. NEA | 
Ejection fraction was represented by the ratio between stroke 
volume and end-diastolic volume. In both atrial septal defect 


and patent ductus arteriosus, the difference between the right 
and left ventricular output values represented shunt flow per 
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FIGURE 1. Comparison of right and O 20 60 
left ventricular end-diastolic and 
stroke volumes in normal children. 
Regression lines have been drawn. 


minute. The ratio between ventricular end-diastolic volume 
and end-diastolic pressure was also used as a rough index of 
“ventricular distensibility.” The ratio of left atrial maximal 
volume to the corresponding peak V wave pressure, obtained 
from pulmonary capillary wedge or direct left atrial record- 
ings, was likewise used to represent “atrial distensibility.” 
More elaborate indexes of chamber distensibility such as 
Avolume/Apressure were not derived since the pressures were 
obtained by a liquid-filled catheter-transducer system with 
limited frequency response. 


Results 
Normal Data 


The patients were 10 infants aged 4 days to 14 months 
and 39 children aged 2.3 to 19.4 years (mean 8.2). Good 
correlation between right ventricular end-diastolic 


volume, left ventricular end-diastolic volume or left 


atrial maximal volume and body surface area was ob- 
served. The respective correlation coefficients (7) and 
regression equations are shown in Table I. When cor- 
rected for body surface area, the ventricular volumes in 
the infant group were smaller than those in the older 
children (Table IT). The stroke index in the former (31.9 
+ 2.11 cm?/m? [mean + standard error]) was also 
smaller than that in the latter (45.2 + 1.43, P <0.001). 
However, because of the difference in heart rates, car- 
diac index did not differ significantly in the two groups 
although it was smaller in the infants. 

The end-diastolic volume of the right ventricle 
(RVEDV) was generally larger than that of the corre- 
sponding left ventricle (LVEDV). This was observed in 
both the infants and older children; this relation is ex- 
pressed by the regression equation RVEDV = 1.23 
LVEDV -— 1.98. However, the stroke output values of 
both ventricles were practically identical (Fig. 1). The 
angiographically derived ventricular output (stroke 
output times heart rate) correlated well with cardiac 
output assessed with the Fick method (Table III). Be- 
cause the right ventricle had a larger volume, its ejection 
fraction (0.59 + 0.01) was lower than that of the left 
ventricle (0.71 + 0.01, P <0.001). 
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TABLE III 


Comparison of Angiographically and Fick-Derived 
Pulmonary and Systemic Blood Flow Values 








Normal ASD PDA 
Angio Fick Angio Fick Angio Fick 
PBF 4.65 4.85 7.19 8.82 6.63 8.49 
(no. = 42) (no. = 21) (no. = 23) 
r= 0.86 r=0.79 r=0.77 
P «0.001 P «0.001 P «0.001 
SBF 4.72 4.90 3.70 4.14 4.17 4.18 
(no. = 44) (no. = 19) (no. = 21) 
r=0.83 r=0.83 r=0.88 
P «0.001 P «0.001 P «0.001 





Angio = angiographically derived value; ASD = atrial septal defect; 
Fick = value derived with the Fick method; P = level of significance; 
PBF = pulmonary blood flow (liters/min per m?); PDA = patent duc- 
tus arteriosus; r = correlation coefficient; SBF = systemic blood flow 
(liters/min per m°). 


Effect of age: Figure 2 shows the right and left ven- 
tricular end-diastolic volume/pressure ratios plotted 
against age. Increasing distensibility with age was more 
evident in the right than in the left ventricle as shown 
by the respective regression lines. The initial segments 
of these lines were comparable shortly after birth; 
however, that of the right ventricle rose rapidly during 
the first year (Fig. 2, left) followed by a less steep slope 
thereafter (Fig. 2, right). The left ventricular regression 
line assumed a nearly uniform and less rapid increase 
with age. Mean distensibility index of the right ventricle 
was 12.7 + 0.08 cm?/m? per mm Hg whereas that of the 
left ventricle was 7.8 + 0.47 (P «0.001). Distensibility 
of the left atrium also tended to increase with age (Fig. 
3). For all three chambers, this increase in distensibility 
appeared to be related chiefly to increase in volume 
since no significant change in the corresponding filling 
pressures was observed. 

As in our previous studies,?:!* a positive correlation 
was observed between the maximal volumes of all three 
chambers and age, height and weight, but correlation 
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.. ventricle, left ventricle and left atrium, based on the volume of the right ventricle was 120.6 + 5.6 cm?/m?, 


































i m?. The mean ejection fraction of the right ventricle was 
EU re Volume Overload (Atrial Septal 0.58 + 0.01 and that of the left ventricle 0.63 + 0.01. The 


latter was lower than the normal value (P <0.01). Mean 


E V ‘ipsilateral right ventricle and contralateral left ventricle m?, and mean left ventricular output 3.7 + 0.24. The 


E are shown in Figure 4, in which the observed and cor- latter was smaller than the predicted normal value of 
b responding predicted normal values are plotted against 4.57 liters/min per m? (P «0.005). 

: - body surface area. As shown by the regression lines, Comparison of values for angiographically derived 
¥ _ significant right ventricular enlargement was present pulmonary flow (right ventricular output [Qnv]) and 
(mean 91.4 + 10.8 versus 54.9 + 6.0 cm3, P <0.001). In angiographically derived systemic flow (left ventricular 
, contrast, small left ventricular size was obsordéd (mean output [Qr .v]) with the corresponding values obtained 
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Sw ri Age (yrs) 
$ _ FIGURE 2 (left and center). Ventricular “distensibility” in normal infants and children, plotted against age. Solid line is the regression line for the right 
: ventricle, and the dashed line that for the left ventricle. The infant group (left panel) has a steep right ventricular regression slope also represented 
by the long-short dashed line (right panel). Note the dual slopes of the right ventricular regression line not observed in the left ventricular regression. 
`  EDV/EDP = ratio between end-diastolic volume and pressure. 


FIGURE 3 (right). Left atrial “distensibility” in normal infants and children, plotted against age. Increasing left atrial distensibility with age is shown 
by the regression line. LAmax = left atrial maximal volume. 


95% Confidence 


E Limits (* 2 

A Chamber (cm?) Regression Equation i^ SD) f (96) 

yt); A. Infants 

j RVEDV V = 12.46 (age) — 0.029 (ht) + 1.74 (wt) + 0.070 (HR) — 7.65 0.96 86 — 114 
LVEDV = 10.61 (age) — 0.336 (ht) + 1.77 (wt) — 0.046 (HR) + 26.43 0.88 71—129 
LAmax = 3.09 (age) — 0.117 (ht) + 0.93 (wt) — 0.103 (HR) + 24.89 0.92 64 — 136 


B. Children 


RVEDV V = 2.03 (age) + 0.291 (ht) + 1.19 (wt) + 0.009 (HR) — 11.44 0.90 68 — 132 
LVEDV = 4.22 (age) — 0.329 (ht) + 1.00 (wt) — 0.178 (HR) + 62.03 0.84 67 — 133 
LAmax = 2.74 (age) — 0.268 (ht) + 0.57 (wt) — 0.034 (HR) + 34.73 










+95% confidence limits = + 2 standard deviations (SD) for range of observed/predicted X 100 (%). 


E: LAmax = left atrial maximal volume; LVEDV = left ventricular end-diastolic volume; r? = multiple correlation coefficient; RVEDV = ‘ight ven- — 
E tricular end-diastolic volume; V = volume. 
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L - with heart rate was negative. The regression formulas 39.6 + ny versus 49.7 + 5.2 cm?, P <0.001). When nor- 
- for predicting the normal maximal volumes of the right malized for body surface area, the mean end-diastolic 


yA _ present data, are shown in Table IV. whereas that of the left ventricle was 52.6 + 2.75 cm3/ 


The changes in the end-diastolic volume of the right ventricular output was 7.19 + 0.44 liters/min per 


i - *Data based on 1 Dites and 39 children; using age in years, height (ht) in centimeters, weight (wt) in kilograms, and heart rate (HR) i in Beats. 
Een. minute. 
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by the Fick method (Q, and Q,, respectively) revealed 
good correlation (Table IV). The mean Qnv/Qrv ratio 
was 2.09 + 0.14, and the Fick derived Q,/Q, ratio was 
2.10 + 0.16. 

The end-diastolic volume/pressure ratios of the right 
ventricle were significantly higher than those of the 
normal children. The mean “distensibility” index was 
18.5 + 1.4 cm?/m? per mm Hg compared with 12.7 + 
0.08 for the normal children (P <0.0005). Similar data 
for the left ventricle obtained from nine subjects re- 
vealed a mean value of 5.49 + 0.56 cm?/m?/mm Hg 
compared with 7.2 + 0.47 for the normal (P = not sig- 
nificant). 

The mean left atrial maximal volume was 46.6 
cm?/m?; this was significantly greater than the predicted 
normal value of 35.9 cm?/m? (P <0.001). This difference 
is evident in Figure 5 (left) where the observed and 
corresponding predicted normal values have been 
plotted against body surface area. 

The relative changes in all three chambers are 
summarized in Figure 6 (left). These were expressed as 


Right Ventricle 


200 








VENTRICULAR RESPONSE TO VOLUME OVERLOAD—MATHEW ET AL. 


percent observed/predicted normal values and were 
plotted against the angiographically derived pulmo- 
nary/systemic flow ratio (Qnv/Qrv). As shown by the 
respective regression lines, the right ventricle remained 
large and increased further with increasing shunts. In 
contrast, left ventricular size tended to be low normal 
with small shunts and decreased at Qnv/Qrv ratios of 
»2.0. Left atrial size was increased, and also tended to 
increase further with increasing shunts. 


Left Ventricular Volume Overload (Patent Ductus 
Arteriosus) 


The changes in the end-diastolic volume of the 
ipsilateral left ventricle and contralateral right ventricle 
are shown in Figure 7, in which the observed and pre- 
dicted normal values are plotted against body surface 
area. The regression lines indicate that the left ventricle 
was significantly enlarged. The mean end-diastolic 
volume was 86.96 + 4.86 cm?/m? compared with the 
predicted normal value of 63.0 + 2.35 (P <0.001). By 
contrast, the contralateral right ventricle (mean 68.3 + 


Left Ventricle 
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FIGURE 4. Right and left ventricular » 
end-diastolic volumes (RVEDV and 50 Ets 
LVEDV) plotted against body surface Y-88.4X -89 





area (BSA) in atrial septal defect. The 
predicted normal for each observed 

value, using the equations in Table IV O 
for derivation, has also been plotted for 
comparison. The solid line is the rē- 

gression line of the observed values 

and the dashed line that of the pre- 

dicted normal values. 


100 


T 
E 
9 
S 50 
€ 
» 
Er 





FIGURE 5. Maximal left atrial volume (LAmax) plotted 
against body surface area (BSA) in atrial septal defect 
(left) and patent ductus arteriosus (right). The predicted 
normal value for each observed value, derived from the O 
equations in Fable IV, is also shown. The solid line shows : 
the regression of the observed values and the dashed line 

that of the predicted normal values. 


August 1976 The American Journal of CARDIOLOGY Volume 38 


Atrial Septal Defect 









2.0 
BSA (m?) 


Observed Value e —— 
Predicted Value o ---- 
n=22 


Patent Ductus Arteriosus 


100 
r=0.97 
Y=631 x Bi gt 
* 
TU r=C.79 
E Y:53.9 x -0.79 
x 
Oo 
E 
d 
2 





0.5 LO 


LO 20 O : 
BSA (m?) 





Observed Value e 
Predicted Normal o-——— 


213 


ua PEE ie " fw 
FAM, ae ee oe ail 





E ETE 
P 
oot. ` > 


AM 
~ 


EW- * rU. PC E 
ve > 


aia ale OY. s 


WT 


^C WE SPE. > Eg I VEDO 
_ VENTRICULAR RESPONSE TO VOLUN 


= Span’ Saad ates Te en eee 
ME Raa 


ie hs ie ye en E Te ee ee 
Fi Ree 2 
; j 


2.95 cm?/m?) did not differ in size from the predicted 
normal value (mean 69.4 + 2.48, P = not significant). 
The ejection fraction of the left ventricle was 0.67 + 0.01 


. and that of the right ventricle 0.55 + 0.02. Neither dif- 
J fered significantly from the normal value. 


Left atrial enlargement was observed as expected 
(Fig. 5, right). The mean left atrial maximal volume was 
52.5 + 2.65 cm?/m? compared with the predicted normal 
value of 36.2 + 1.66 (P <0.001). 

Systemic blood flow was derived from the angio- 
graphically estimated right ventricular output (Qnv), 
and pulmonary blood flow from the angiographically 


3 .. estimated left ventricular output (Qr vy). The reverse 
_ relation occurs in atrial septal defect. The mean left 


ventricular output was 6.63 + 0.39 liters/min per m?, 
and the mean right ventricular output 4.17 + 0.18. Good 
correlation was also observed between the angio- 
graphically derived pulmonary or systemic blood flow 


Atrial Septal Defect 
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and those obtained by the Fick method in spite of as- 
sumed oxygen consumption values for the latter de- 
terminations (Table IV). The mean Q; v/Qnv ratio was 
1.59 + 0.09 compared with the Fick Q,/Q, of 1.97 + 0.16 
(P = not significant). Unlike the contralateral left 
ventricle in atrial septal defect, which demonstrated 
reduced output, the contralateral right ventricle in 
patent ductus arteriosus had an output that did not 
differ from the predicted normal value of 4.41 liters/min 
per m?. 

The end-diastolic volume/pressure ratios of the right 
ventricle were also analyzed and compared with those 
of the normal children. The mean “distensibility” index 
of the right ventricle was 10.41 + 0.65 cm?/m?/mm Hg. 
This was lower than the normal value (12.7 + 0.8 
cm?/m? per mm Hg) but not significantly so. The mean 
distensibility index of the left ventricle of six children, 
in whom it could be determined, was 11.3 + 2.1 cm?/m? 


Patent Ductus Arteriosus 


LVEDV (142%) 


o 
p A mo (152%) 


FIGURE 6. Summary of volume changes in the 
three cardiac chambers in atrial septal defect 
(left) and patent ductus arteriosus (right). Vol- 
umes were expressed as percent of the predicted 
normal (% PN), and were plotted against the an- 
giographically derived pulmonary to systemic flow 
ratios (Qny/Q, y). Regression lines are shown; the 
numbers in parentheses represent mean values. 
30 LA = left atrium; LAmax = left atrial maximal 
volume; LV = left ventricle; LVEDV = left ven- 
tricular end-diastolic volume; RV = right ventricle; 
RVEDV = right ventricular end-diastolic vol- 
ume. 


RVEDV (101%) 


Right Ventricle 
n= 21 





Y= 772 X - 6.66 FIGURE 7. Right (RVEDV) and left 


(LVEDV) ventricular end-diastolic 
volumes plotted against body sur- 
face area (BSA) in patent ductus 
arteriosus. Corresponding predicted 
normal values, derived from equa- 
tions in Table IV, are shown. The 
regression lines of the observed and 
normal values are alto shown. 


0.5 10 
BSA (m?) 


< tar wr ce} RES ae 4 sia » 


— 


uf. - e s ! 
ic" CAE ! Sow Lot TN To pe ? 
Mo a aliad m ty. aE 72 A E OW HO, BEI NES DAL 


per mm Hg. This was significantly higher than the 
normal (7.2 + 0.47 cm3/m? per mm Hg, P «0.0025). 

The changes in the three chambers are also sum- 
marized in Figure 6 (right) and have been plotted 
against the angiographically derived pulmonary/sys- 
temic flow ratios. As shown by the superimposed left 
ventricular and left atrial regression lines, the degree 
of enlargement of both chambers relative to shunt flow 
was similar. The size of the contralateral right ventricle 
remained normal. 


Discussion 


The usefulness of a multivariable regression formula 
for predicting normal cardiac chamber size has been 
previously shown^9.14 and is again demonstrated. In 
this approach, the age, body size and heart rate are 
taken into consideration in interpreting the relative 
magnitude of the calculated volumes. None of the 
children in our control group (used for deriving the 
predicting formulas) had any demonstrable cardiac 
abnormality. This rigid approach was adopted since we 
_ have observed abnormal chamber volumes even in small 
shunting defects or mild valvular insufficiency (data in 
preparation). For the same reason, children with sur- 
gically corrected cardiac defects were excluded from this 
group. 

This approach assumes that body size (height or 
weight, or both, relative to age) follows the same dis- 
tribution curve as that of the normal (control) popula- 
- tion. This is not necessarily true for patients with severe 
— heart disease, in which case the predicted normal values 
. may become spuriously high or low. None of the subjects 
in our two study groups had a body size outside the 
normal range. 


Normal Values 


Ventricular volumes: As in previous studies,»/^8.14 
the end-diastolic volumes of the right ventricle were 
greater than those of the corresponding left ventricle in 
the normal children. This difference may be related to 
_the normally greater distensibility of the right than the 
left ventricle. Greater right atrial than left atrial vol- 
umes have also been observed in normal children and 


Bi . have been explained similarly.5 On the other hand, other 


studies, using different methods for right and left 
ventricular volume calculation, have shown similar 
end-diastolic volumes for both chambers. This dis- 
crepancy, although disturbing, is not critical provided 
that the observed values by any method have appro- 
priate controls by that method, such as the predicted 
normal volumes derived from legitimate regression 
equations. 
Ventricular distensibility: The comparable *'dis- 
" tensibility" of the right and left ventricles in the new- 
born period is consistent with the circulatory dynamics 
in utero. Thereafter, the diastolic volume/pressure 
relations of both ventricles increase, that of the right 


NUS ventricle being significantly greater. The most rapid 


T change occurs during the 1st year when a significant 


. reductionin pulmonary vascular resistance is observed. | 
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Our observations agree with the animal data of Romero ~ 
et al.,!6 which have shown comparable pressure-volume . 
relations of the fetal right and left ventricles, greater — 
right than left ventricular distensibility after birth, and — 
greater distensibility of the ventricles in the adult than 
in newborn subjects. | E A 
The increase in ventricular and atrial distensibility _ 
with age appears to be mostly a function of the increase _ 
in chamber volumes since no corresponding changes in — 
filling pressures were observed in our subjects. The : 
precise mechanism that promotes this age-related 
change in wall compliance is not known. It has been — 
suggested that the relatively increased amounts of - 
noncontractile cellular elements including surface - 
membranes in the young heart may contribute to the — 
latter’s reduced distensibility.!? Alterations in myo- | 
cardial connective tissue concentration may also be — 
responsible. Myocardial hydroxyproline concentrations 
have been shown to be greater in the right heart cham- — 
bers than in the corresponding left chambers, and in the - 
atria than in the ventricles.!? We have also observed, in — 
studies on Wistar rats ranging in age from 1 day to 46 . 
weeks (data in preparation), a progressive increase in . 
left ventricular hydroxyproline concentration. It is thus _ 
possible that the increment in myocardial connective - 
tissue concentration is a normal response of the heart — 
to the increase in volume load accompanying body 
growth, and that similar changes occur in the volume- - 
overloaded right ventricle in atrial septal defect or left 
ventricle in patent ductus arteriosus. This assumption - 
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increased left ventricular distensibility in patients with 


remains to be proved. Other studies have also shown | 
mitral regurgitation.19.1? 


Ventricular Overloading 1 


The right ventricular enlargement in atrial septal - 
defect and the left atrial as well as left ventricular en- _ 
largement in patent ductus arteriosus are predictable - 


changes. Previous studies have also demonstrated in- - 
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FIGURE 8. Relation of left to right atrial mean pressure gradient to peak 
V wave pressure gradient in secundum atrial septal defect. 
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LV = left ventricle; PV = pulmonary vein; RA = right 
atrium; RV = right ventricle; SVC = superior vena cava. 


creased volumes of the right ventricle? and right atri- 


. um?? in atrial septal defect. The comparable enlarge- 


ment of the left atrium and left ventricle in our subjects 
with patent ductus arteriosus reflects an identical re- 
sponse to the volume load. 

Left atrial enlargement of atrial septal defect: 
The pathogenesis of the left atrial enlargement ac- 
companied by reduced left ventricular size and systemic 


. output in secundum atrial septal defect is unclear. The 


atrial enlargement suggests that the septal defect, al- 
though usually large, may still be somewhat functionally 
restrictive to transseptal flow. Analysis of the atrial 
pressures in our patients recorded during catheter 
pullback from the left to the right atrium supports this 


. view. The mean pressure gradients ranged from 0.5 to 


6 mm Hg, and these correlated well with the peak V 
wave pressure differential between the two atria (Fig. 
8), indicating inadequate pressure equilibration be- 
tween the two atrial chambers. Levin et al.?° have also 
demonstrated consistent left to right atrial pressure 
gradients during the latter half of ventricular systole, 
especially at the peak of the atrial V wave and during 
atrial contraction. Cineangiocardiographic analysis 
demonstrated major left to right shunting at these 
critical periods. Our hypothesis assumes that the left 
to right atrial shunt during ventricular systole is not 
large enough to counterbalance the increased pulmo- 
nary venous return to the left atrium at this phase of the 
cardiac cycle. This would favor enlargement of the left 
atrial chamber. The enlargement of the right atrium,!? 
even to a greater extent than that of the left, does not 
necessarily contradict this concept. 

Small left ventricle in atrial septal defect: The 
tendency for the left ventricle to become small is like- 
wise not paradoxical to this assumption. During ven- 
tricular diastole, the left atrium empties into the left 
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ventricle as well as into the right atrium-right ventricle 
by way of the septal defect. Since the left ventricle is less 
distensible than the combined right heart chambers, 
preferential flow to the latter is favored, with conse- 
quent reduction in left ventricular filling. The diagrams 
in Figure 9 illustrate our hypothesis. The reduced left 
ventricular ejection fraction and low systemic output 
observed in this condition would be consistent with this 
concept of reduced left ventricular preload. 

Left ventricular dysfunction in atrial septal de- 
fect: We have no data concerning the effects of in- 
creasing age upon the left heart changes in atrial septal 
defect since we did not perform serial hemodynamic 
studies. However, recent studies in adult patients with 
this disease have also demonstrated evidence for left 
ventricular dysfunction in the form of reduced end- 
diastolic volume, stroke volume and output.?! There is, 
therefore, sufficient evidence to suggest that the usual 
practice of delaying surgery for several years may not 
be the best policy in the management of this disease. 
The impaired cardiac output response to exercise of 
adult patients who have had total repair of atrial septal 
defect?? could very well be a reflection of the left heart 
dysfunction already present before surgery. 

Right ventricle in patent ductus arteriosus: Un- 
like the left ventricle in atrial septal defect, the right 
ventricle in patent ductus arteriosus is normal. This 
difference in response of the contralateral ventricles in 
the two entities may be related to the level of the shunt; 
in atrial septal defect it is proximal to the contralateral 
ventricle, whereas in the latter it is distal to it. Left to 
right shunting occurs before and during ventricular 
filling in atrial septal defect, but after ventricular filling 
in patent ductus arteriosus. The systemic output and 


the right ventricular preload in the latter remain nor- 
mal. : 


10. 


11. 
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‘Fetal and Infant Death, Twinning and Cardiac Malformations 
. In Families of 2,000 Children With and 500 Without 


Analysis of family data on 2,000 children with a congenital cardiac mal- 
formation of unknown origin and 500 with an innocent murmur showed 
the incidence of twinning in probands, siblings and parents to be the same 
as in the general population. The mothers in the two groups of probands 
had the same incidence of spontaneous abortions and stillbirths. There 
was a small increase in infant mortality in siblings of probands with a 
cardiac malformation, but this could be accounted for by the increased 
incidence of cardiac malformations. The latter occurred in 1.4 percent 
of all siblings and in 1.7 percent of later born siblings. Complete concor- 
dance for malformation type occurred in 31 percent of affected siblings 
and 46 percent of affected parents, and partial concordance occurred in 
an additional 21 and 8 percent, respectively. Combined direct and indirect 
observations and calculations indicate that the risk of recurrent cardiac 
malformation is 1.4 to 3 percent in families in which one child was born 
with a cardiac malformation of unknown origin; no significant difference 
was evident for the various cardiac malformations. 


The etiology of congenital heart malformations continues to be the 
subject of numerous studies, but the emphasis has shifted from unse- 
lected population studies to the identification of defects or syndromes 
caused by specific genes, chromosomes or environmental factors. In the 
majority (80 to 90 percent) of patients with a congenital heart defect, 
no underlying causative factor or syndrome can be identified. The 
present study was limited to this group of patients, with the following 
objectives: to evaluate malformations separately; to investigate repro- 
ductive loss in the mothers (stillbirths and spontaneous abortions); to 
examine infant mortality in siblings; to evaluate the incidence of twin- 
ning in patients and their siblings and parents; to determine the inci- 
dence and types of cardiac malformations in siblings and parents; and 
to compare these data with “expected” data, data in a group of patients 
with innocent murmurs and data reported by others. 


Materials and Methods 


Case material: Data were obtained during the 21 years from 1953 to 1973 in 


the Pediatric Cardiac Clinic of the University of Minnesota Hospitals and were — un 


reviewed and updated in 1973 and 1974. I personally obtained the family history | 
and examined the children. For patients with a cardiac malformation, confir- 
matory information was regularly available from cardiac catheterization, surgery - 
or autopsy studies, except for a few patients whose clinical and laboratory 
findings were considered diagnostic of isolated defects such as ventricular septal 
defect or valvular pulmonary or aortic stenosis. The majority of patients were 
born in Minnesota, but a significant number were from North and South Dakota 
and a scattering from western Wisconsin and northern Iowa. Nonwhites con- 
stituted less than 1 percent of cases. . 


NN en 
Abb M TES >$ 
f T= 4 2 
A - A á X "Bah x 
Cla EA A Mi PL. ot PIE. "T PILA 





. "usc 1 "1 Lauf à Tye 
na PAS E, i-i EA TS NN iul NT P THES aov VV SE RO RP TRE LA TI 







Approximately 25 percent of the patients initially seen were 
excluded because there was evidence or suspicion of a specific 
causative factor. Thus, all patients with known or suspected 
chromosomal defects were omitted, as were patients with 
entities caused by a single gene, patients with syndromes or 
multiple defect complexes of unknown origin and entities 
probably due to a single gene (for example, Noonan’s syn- 
drome, Leopard syndrome, dysplastic pulmonary valve ste- 
nosis, Kartegener’s syndrome, Holt-Oram syndrome and 
DiGeorge syndrome), together with patients born of 
pregnancies complicated by rubella, diabetes or anticonvul- 
sant therapy. Patients with endocardial fibroelastosis, su- 
pravalvular aortic stenosis, peripheral pulmonary arterial 
stenosis, prolapsing mitral leaflet and tumors were also ex- 
cluded. Only the first seen of affected siblings was designated 
a proband, whether earlier or later born. Simultaneously, 
comparable data were obtained on 500 children whose only 
finding was an innocent-sounding venous hum, lower left 
sternal border vibratory murmur or soft pulmonary flow 
murmur. A third group of 70 patients with Down’s syndrome 
was also included for comparison and, although the data are 
limited, they may be of use to others interested in this con- 
dition. 

Only those cases of congenital heart malformation were 
included in which maternal age at the time of the birth of the 
child had been obtained, but some cases without this infor- 
mation were included in the innocent murmur group. Infor- 
mation on twinning was unavailable for some parents in all 
three groups. Half-sibs were omitted in the tabulations. Data 
published earlier! on patent ductus arteriosus were not in- 
cluded in this study. Pregnancies terminating in the Ist 5 
months were classified as abortions; all stillborn fetuses or 
infants born beyond this time were classified as stillbirths and 


Siblings 


(1.4%) 


(1.0%) 


were regularly identified as to sex and weight. All abortions 
were reported by the mothers as spontaneous. 
Classification of malformations: Common malformations 
were tabulated separately and the others were grouped as 
“isolated uncommon malformations” or as “multiple mal- 
formations.” Patients with nonvalvular aortic stenosis, aortic 
atresia, infundibular pulmonary stenosis or pulmonary atresia 
were placed in the “isolated uncommon malformation” group. 
Atrial septal defects included cases of both the secundum and 
sinus venosus type. Cases of coarctation of the aorta with a 


nonstenotic bicuspid aortic valve were classified as coarcta- - 


tion. Cases listed as transposition of the great vessels were all 
of the *complete" type (d-loop) and included cases with and 
without ventricular spetal defect and pulmonary stenosis. 
Expected data: To obtain *expected" data, for comparison 
with observed data, the following procedures were followed. 
The pregnancies of the mothers were grouped according to 
maternal age at the time of birth, and the data of Myrian- 
thopoulos and associates? on twinning in pregnancies of white 
mothers were used to calculate the expected number of twins 
or sets of twins among the probands and their siblings in each 
maternal age group. To obtain the expected number of still- 
births (fetal death after 20 weeks' gestation) and the expected 
number of infant deaths among siblings, data from the Min- 
nesota Department of Health were used.? Stillbirths and live 
births were tabulated according to the year of birth, and the 
expected number of stillbirths was obtained by applying the 
appropriate stillbirth rates to the yearly numbers of total 
births. The expected number of infant deaths was obtained 
by applying the appropriate infant mortality rates to the 
yearly numbers of live births. The calculation of expected 
number of cases of congenital heart malformations in siblings 
was based on the value of 0.767 percent reported for live births 


TABLE ! 

Incidence of Twinning and Cardiac Malformations in Probands, Siblings and Parents 
Probands 

Diag- Cases __ Twins — Sets of Twins Live- 

nosis (no.) Obs Exp Obs Exp born Obs 

VSD 572 7 12.82 16 14.97 1,396 29 

ASD 145 4 3.55 6 4.84 425 3 

PDA 118 3 2.64 4 3.39 311 3 

CA 122 5 2.83 2 3.59 328 2 

PS 180 9 4.36 4 6.04 528 8 

AS 157 3 3.85 9 5.70 515 4 

ECD 48 0 1.11 3 1.48 132 2 

TGV 69 0 1.59 1 1.30 127 O 

TF 214 6 4.92 5 6.48 584 9 

ID 118 4 2.73 1 3.07 277 4 

MD 257 6 6.02 4 8.11 716 12 

Total 2000 47 46.421 55 58.97 5,339 76 
500 10 T 14 SS 11 

inoc. —4412 39 1020 11 1109 , |? 

DS 70 0 0.96 1 2.48 216 1 


* Type of malformation known in all cases. 


t Twins have a higher fetal and neonatal death rate than singletons,? thereby reducing their incidence in the pediatric population from which 
patients with cardiac malformations are drawn. Thus, on the basis of the additional 10 percent mortality noted in non-proband twins in the 


With CM 
; Parents 
Diag- 
nosis Diag- With 
Diag- Con- nosis Data on 
nosis cor- With Concor- Twin- 
Exp Known dant Total CM* dant ning Twins 

23 7 1144 3 2 932 18 
2 1 290 1 1 250 5 
3 2 236 4 3 152 1 
z's 2 1 244 5 1 218 3 
že 5 3 360 3 2 288 7 
Lu 4 1 314 2 0 244 8 
m 2 1 96 1 1 74 0 
it 0 0 138 0 O 118 0 
uss 8 3 428 2 1 322 6 
: 3 0 336 0 0 192 4 
T. 9 0 514 3 0 412 6 
41.0 61 19 4000 24 11 3202 58 

(1.896) 
9 

8.6 TA - c£ 1000 0 5 vis 408 (2.2%) 
Tis 1 1 140 0 0 116 0 


present study, the expected number should be reduced to 41.78, still not significantly different from the observed value. 
* Maternal ages needed for calculating expected number of twins available for only 441 mothers. 


AS = aortic stenosis; ASD = atrial septal defect; CA = coarctation of aorta; CM 
syndrome; ECD - endocardial cushion defect; Exp = expected; ID = isolated uncommon defects; Innoc = inn 


defects; Obs = observed; PDA = patent ductus arteriosus; PS = pulmonary stenosis; TF = tetralogy of Fallot; TGV = transposition of great ves- 


sels; VSD*= ventricular septal defect. 
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= cardiac malformation; Cone = concordant; DS = Down's 
ocent murmur; MD = multiple 
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by ‘Mitchell et al.4 Twin births included both live-born and 
stillborn. Abortions were listed as single events even if mul- 
tiple concepti were thought to have been involved. No infor- 
mation was obtained on the presence or absence of cardiac 
malformations in stillborn infants. The twin partners of 
. probands are not included in the overall compilation of sib- 
lings but are discussed in the text. 

The average maternal age at the time of birth of probands 
with a cardiac malformation was 26.58 years, and of probands 


—. with an innocent murmur or Down's syndrome 26.87 and 30.54 


. years, respectively. 
Results 


Twinning: Data concerning the incidence of twin- 
ning in probands, siblings and parents are shown in 


_ Table I. In the group with an innocent murmur, twin- 
-= ning data were limited to the 441 cases with a recorded 
. maternal age. The incidence of twins in probands and 
BS siblings closely approximated the expected incidence 
in all three patient groups. Likewise, the incidence rate 


of twins among the parents in all groups was similar to 
the rate of 2 percent that would be expected from a 
_ twinning incidence rate of 1 percent in the popula- 


tion. 


‘The 47 twin partners of probands with a cardiac de- 


| . fect were all live-born, but 2 died in infancy. Only one 


had a cardiac defect, aba this was a discordant defect 


Í . occurring in an unlike-sex partner. Two of the 10 twin 
siblings of probands with an innocent murmur were 
_ stillborn, but none of the other 8 died or had a cardiac 


defect. 

Incidence and concordance of cardiac malfor- 
mations in siblings and parents: The observed num- 
ber of 76 cases (1.4 percent) of cardiac malformation in 


= TABLE II 
a . Outcome of Other Pregnancies of Mothers 


All Pregnancies 


siblings of probands with a cardiac defect was signifi- 
cantly higher than the 41 expected (P <0.05) (Table I). 
The incidence was greater than in the sibling group with 
an innocent murmur, but not significantly so, the pop- 
ulation of the latter group being relatively small. The 
incidence rate of cardiac malformations in siblings of 
probands with an affected parent was 6.8 percent (2in | 
34 siblings whose mother was affected and 2 in 25 whose 
father was affected) compared with 1.4 percent (72 in 
5,280) when neither parent was affected. This difference 
was significant (P <0.005) after correction for sample 
size. The corresponding figures for later born siblings 
were 25 percent (3 in 12) and 1.5 percent (26 in 1,700). 
In siblings of probands with an innocent murmur, the 
incidence of cardiac malformations was slightly, but not 
significantly, greater than expected (Table I). The in- 
cidence of cardiac malformations in parents of probands 
with cardiac defect was significantly greater than in 
parents of probands with an innocent murmur (P 
<0.02). Of the 61 siblings whose cardiac defect could be 
identified, 19 had a defect that was the same as that in 
the proband, 13 had one component in common and 29 
had a completely discordant defect. Of the 24 affected 
parents, 11 had a concordant defect, 2 had one compo- 
nent in common and 11 had a completely discordant 
defect. 

Outcome of other pregnancies of mothers: Table 
II shows data pertaining to the outcome of all other 
pregnancies of the mother, with a separate listing for 
those occurring after birth of the proband. The inci- 
dence rate of spontaneous abortions was not signifi- 
cantly different in the three groups for total or later 
pregnancies, although the figures tended to be slightly 
higher for the cardiac malformation group. However, 


Later Pregnancies 

















Offspring 
With Cardiac 
. Proband Total Spontaneous Total — Stillbirths — Total Spontaneous  Still- Infant Malformations 
 — A Diagnosis no. Abortions Births Obs Exp Abortions births Births Deaths Obs Exp 
VSD 1,626 231 1,411 15 19.38 528 74 1 453 8 9 (2.0%) 
ASD 513 89 430 5 6.21 166 30 1 135 4 0 
© PDA 374 60 318 7 4.51 116 17 3 96 2 1 (1.096) 
b? CA 378 50 330 2 4.58 132 16 0 116 3 2 (1.7%) 
3 PS 631 98 537 9 7.81 204 33 4 167 1 0 
Rh AS 617 107 519 4 7.74 233 44 1 188 6 3 (1.696) 
AR ECD 163 30 136 4 1.89 54 7 1 46 3 0 
V TGV 152 26 127 0 1.66 16 0 0 16 0 0 
| TF 669 90 584 0 8.31 219 33 0 186 4 5 (2.7%) 
i ID 327 47 281 4 3.94 72 12 2 58 2 0 
ie MD 853 139 718 2 9.90 289 38 0 201 7 9 (3.6%) SA 
E Total 6,303* 967 5,391 52 75.93 2,029 304 13 1,712 40 29 (1.796) 1311.5 
É j (15.3%) (15.0%) 
E Innoc 1,3071 . 182 1,139 14 17.02 467 59 0 408 8 5 (1.296) 3.1 
E (13.996) (12.796) 
B, i : 
en DS 244* 27 218 2 3.22 20 1 0 20 1 0 0.1 
. . * Also 14 ectopic pregnancies and 4 hydatidiform moles. 
. T Also 5 ectopic pregnancies. , 
. # Also 1 ectopic pregnancy. . 


Abbreviations as in Table |. 
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the incidence rate of stillbirths was significantly lower 
than expected in the cardiac malformation group but 
was not significantly different from the rate in the in- 
nocent murmur group, in which the observed rate was 
also lower than expected, though not significantly so. 
In the cardiac malformation group there were 14 ectopic 
pregnancies and 4 hydatidiform moles; in the innocent 
murmur group there were 5 ectopic pregnancies, and in 
the Down’s syndrome group there was 1 such pregnancy. 
The incidence rate of cardiac malformations was slightly 
higher, but not significantly so, in siblings born after the 
birth of the proband with a cardiac defect than among 
siblings born earlier (1.7 versus 1.3 percent). 

Infant mortality in siblings: Table III shows data 
relative to infant mortality in siblings and the causes of 
death. No significant differences were noted between 
observed and expected values for infant deaths or be- 
tween observed values in the three groups. As men- 
tioned, there was an excess of 35 cases of cardiac mal- 
formation in siblings (76 observed minus the 41 ex- 
pected). According to the infant mortality rate noted 
in siblings with a cardiac malformation (7 of 23 or 30 
percent), 10.5 deaths would be expected in this group. 
The addition of 10.5 to the otherwise expected 132.25 
gives a total of 142.75, which is practically identical to 
the observed value of 142. 


Discussion 


Studies relating to the familial incidence of congenital 
cardiac malformations are handicapped by several 
factors. The low incidence rate of congenital cardiac 
malformations, particularly as individual defects, both 
in the general population and among relatives of af- 
fected subjects, necessitates very large population 
samples to achieve statistical significance. Thus, tests 
of statistical significance have rarely been applied to the 
data obtained in family surveys. Moreover, the exact 
diagnosis may be impossible to ascertain except by au- 


TABLE Ill 
Infant Mortality and Causes of Infant Death Among Siblings 


Infant Deaths 


Proband Live-born . Among Siblings _ Pre- Complica- Infec- Birth “Crib 
Diagnosis Siblings Obs Exp maturity Cardiac Other tions tions Injury Death” Misc. Unknown 
VSD 1,396 30 31.72 12 7 5 2 1 1 1 1 0 
ASD 425 19 19.11 10 1 1 2 1 0 1 1 2 
PDA 311 16 7.02 4 1 1 2 0 2 0 5 1 
CA 328 7 7.54 3 1 0 0 1 0 1 0 1 
PS 528 11 12.35 1 2 2 1 1 0 1 1 2 
AS 515 15 12.42 4 2 3 2 2 0 0 1 1 
ECD 132 8 3.05 0 2 2 1 1 2 0 0 0: 
TGV 127 1 2.67 0 0 0 0 0 1 0 0 0 
TF 584 10 13.73 2 1 3 3 0 0 0 0 1 
ID 277 9 6.34 0 3 1 3 1 0 0 1 0 
MD 716 16 16.30 7 3 1 2 0 1 0 1 1 
Total 5,339 142 132.25 43 23 19 18 8 7 4 11 9 
dec AAE EAN AE S ERECTO ERO Ire ELEA NEST CCS anon OP nner L T 
Innoc 1,125 27 27.14 8 6 2 1 2 2 1 4 1 
(tet ee, eiut Ee rete Cor dabo! dO BUD a eS a ea 
DS i- 216 9 5.21 1 4 0 1 0 1 1 
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Misc. = miscellaneous; other abbreviations as in Table l. 
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‘number of missed cases in siblings would be evidenced 


Malformations 


topsy, the cardiac malformation may change with time 
and relatives may die or be impossible to locate or be 
uncooperative. Data were therefore sought in this study 
that would minimize or be largely independent of these 
factors. Thus, information on twinning, maternal and 
sibling birth dates and date of death of siblings was 
easily recalled by mothers. Without examining all par- 
ents and siblings, one would expect some cases of car- 
diac malformation to be missed. However, a significant 


by an easily identified increase in infant mortality in 
siblings. 


Twinning 


The incidence of twinning in probands, either with 
or without cardiac malformations, and in their siblings 
and parents, was found to approximate that in the 
general population. No comparable published data are 
available, although in one study the incidence rate of 
twins in patients with a cardiac malformation was 4.4 
percent (20 of 457),° but the data were not adjusted for 
maternal age or classified as to live-born or stillborn 
status. In a series of 92 patients with atrioventricular 
canal defect, 6 twins were found but in that report and 
others the samples were too small to warrant the con- 


clusion that twinning itself predisposes to congenital - 


heart malformations. The present data instead support 
the tenet that twinning does not predispose to cardiac 
malformations and indicate that twinning is neither 
increased nor decreased among the immediate relatives 
of patients with cardiac malformations. The possibility 
of an increased incidence rate of twins in stillborns with 
a cardiac malformation has not been excluded by this 
study since data on this point were not obtained. 


The incidence of cardiac defects in twin partners of | 


probands with a cardiac defect (1 in 47) was much 
smaller than that reported by others? and will be dealt 
with in a separate publication. 


Causes of Death 


Pulmonary 
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- bands with or without a cardiac malformation. The 
- figure of 14 to 15 percent i is similar to that reported by 
- others for pregnancies in the general population®? and 
| pir mothers of children with a cardiac malformation.? 





ig] Ber ical tly lower than expected incidence rate of 
ibis ] ‘ vas found in groups with and without a car- 

ac malformation on the basis of Minnesota Depart- 
: E T ment of Health data.? The latter showed a decreasing 
ES: ii in "ic ence rate of stillbirths from about 3 percent in 1930 
o 1 percent in 1970. It is possible that in earlier years 
È -some late abortions or natal deaths were reported on 
b rth certificates as stillbirths. In the present study, the 
E. ove srall incidence rate of stillbirths in the cardiac mal- 
for rmation group was 0.96 percent, with a rate of 1.02 
(p ercent for the 1,957 births before 1956 and 0.93 percent 
Pf or the 3,434 births since 1956. In the innocent murmur 
group the overall incidence rate was 1.23 percent, with 
A 0.72 percent for the 555 births before 1956 and 1.71 
p percent for the 584 births since 1956. These latter values 
- are not significantly different, the sample sizes being 
- relatively small. Inasmuch as the incidence of stillbirths 
T E vas essentially the same in the cardiac malformation 
3 a nd innocent murmur groups, it would seem unjustified 
; tc attribute clinical significance to the variance from the 
- Department of Health figures. The incidence rate of 
: stillbirths has been reported as high as 2.4 percent ina 
E. recent general population survey* but has usually been 
. found to approximate 1.0 to 1.5 percent in both the 
. general population? and in families ascertained by the 
_ birth of a child with a cardiac or noncardiac malfor- 
. mation. 


N Intant Mortality in Siblings 


ES As noted earlier, infant mortality in siblings of pro- 
^t ands with a cardiac malformation was slightly greater 
than expected, but not significantly so, and the slight 
ES surplus was of the magnitude expected from the in- 
D creased number of congenital cardiac malformations. 
Aside from this excess of deaths due to cardiac malfor- 
ition, the causes of death were similar in number and 
pe to those in the innocent murmur group and in the 
Boe population. 


ma 


E. | Congenital Cardiac Malformations 


_ The incidence of cardiac malformations was signifi- 
E greater than expected among siblings of probands 
with a congenital cardiac malformation. As mentioned, 
_ data on infant deaths in siblings were obtained to assess 
he accuracy of the reported incidence of cardiac mal- 
E formations in siblings. Approximately 30 percent of 
infants with congenital cardiac malformations die by 
ri age o year, as found in this study and that of others. An 
Li crease in the incidence of congenital cardiac malfor- 
- mations i in any population should therefore be accom- 
pa nied by an increase in infant mortality. In the present 

study, the overall incidence rate of cardiac malforma- 
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| e. " yeu in siblings w was 1.4 porum ase witha anex- 
 pected rate of 0.77 percent.* There was a slight but not 


significant increase in infant. mortality in siblings, and  . 
this paralleled the increased number of siblings witha — — 
cardiac malformation. For the sample size used, a sig- _ 
nificant increase in infant mortality would have oc- 
curred only if the incidence rate of a cardiac malfor- __ 
mation had reached 3 percent in siblings. Thus, an ad- - 
ditional 2.23 percent of cardiac malformations (the 
difference between 3 percent and the 0.77 percent figure 
in the general newborn population*), coupled with a 30 
percent infant mortality rate for such patients, would 
have resulted in 36 additional infant deaths, a number - 
that would be significant for a group of 5,339 live-born — 
infants. The incidence rate of cardiac malformation in 
siblings of patients with a cardiac malformation of 
nonspecific origin thus should lie between the observed 
value of 1.4 percent and the maximal value of 3 percent 
and probably be closer to the former than to the latter 
value. 

This discussion, like that of most published studies, _ 
has concerned the incidence of cardiac malformations 
in all siblings. However, the manner and degree of as- __ 
certainment of cases in the population affects the re- 
sults. This bias can be minimized by limiting the anal- - 
ysis to pregnancies occurring after the birth of the — 
proband. As shown in Table III, the incidence rates of 577 
cardiac malformation among later born siblings was 1.7 
percent, which is slightly greater than the overall inci- _ 
dence rate of 1.4 percent and the 1.3 percent incidence __ 
rate in earlier born siblings. | 
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Genetic Implications 


Congenital cardiac malformations are commonly ~ 
viewed as a single categorical diagnosis orasagroupof . 
discrete entities. Actually, they constitute a hodgepodge — 
of malformations with but one feature in common: They _ 
involve the heart or great vessels. However, individual _ 
cardiac malformations do appear to be at least partially P 
causally related inasmuch as they occur together in one . 
person or separately in close relatives more often than 


chance would dictate (for example, ventricular septal 
defect and infundibular pulmonary stenosis). Individual — 
malformations can show racial or geographic differences | rd 
with respect to incidence!’ or structuraldetail!! and can 


be characteristic features of syndromes due to gross — 


chromosomal defects or to a single gene. d T 

Multifactorial inheritance concept: The current - a 
concept is that cardiac malformations are quasicon- VAS 
tinuous threshold traits resulting from the interaction. 
of multiple genes with numerous environmental factors _ Pes 
(multifactorial inheritance).!? According to this inter- |. ie 
pretation, the incidence of a malformation in first de- VOR HR 


gree relatives (siblings and offspring) has been consid- — 
ered to be equal to the square root of the incidence rate — 
of the malformation in the general population.? - 
Therefore, if the incidence rate of congenital cardiac 
malformations i is 0.8 percent, the square root of it would 
be 9.0 percent, a figure much higher than ever reported 
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for cardiac defects in first degree relatives. Conse- 
quently, it is clear that a single multifactorial trait is not 
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_ involved. The square root principle has therefore been 
applied instead by others to individual cardiac mal- 
- formations, but without exclusion of cases involving 
known genetic or environmental factors. Unfortunately, 
although polygenic inheritance does indeed presuppose 
a variety of genes of various levels of dominance, the 
inclusion of cases of known specific origin in the overall 
group for genetic or statistical analysis will tend to ob- 
scure rather than illuminate etiologic mechanisms. 

As previously emphasized, the present study was 
limited to patients whose malformations were clearly 
of unknown origin. There is thus some question as to 
whether multifactorial inheritance concepts can be 
applied in the same manner as used by others for the 
-. entire population with a cardiac malformation. Other 
. questions in analysis also arise. Thus, if the proband is 
identified as having a specific defect, should one count 
all recurrences of cardiac malformation, regardless of 
type? If the recurrent case involves multiple defects, one 
of which is present in the proband, should it be counted? 
If cardiac malformations are to be treated as separate 
— entities when identifying probands, should they not also 
be viewed as separate entities when tabulating recur- 
- rences? Exclusion of recurrences in subjects with clearly 
. different anatomic features will result in a lower re- 
- currence rate and a deviation from the calculated and 
observed rates reported by others. On the other hand, 
exclusion of cases that represent an overwhelming 
one-time environmental insult (such as rubella infection 
in pregnancy) will act in the opposite direction. 

The recurrence rate of 1.7 percent in later born sib- 
lings of probands with cardiac malformations of un- 
known origin in this study is similar to that reported by 
Mori et al.!4 in Japan (1.8 percent for cases exclusive of 
| primary myocardial diseases), but lower than the 2.8 
percent figure for all siblings as reported by Nora et al.!^ 
in the United States for unselected patients with cardiac 
defects. The latter workers found the incidence in sib- 
lings to correspond very closely to the square root of the 
incidence of the individual malformations in the general 


e x population; however, they included all cases of cardiac 


malformation among siblings, not just the malformation 

identical to that in the proband. Their data, although 
imposing in magnitude for this type of material, nev- 
ertheless do not demonstrate statistically significant 
differences between recurrence rates for the individual 
malformations (for example, ventricular septal defect 
J versus aortic stenosis). In the present study, as in the 
report of Mori et al.,!4 the more common malformations 
- did not have higher recurrence rates but the data are too 
limited to prove or disprove differences in recurrence 
rates. 

The incidence rate of cardiac malformations in par- 
ents of probands with a cardiac malformation generally 
has been found to be lower than among siblings, since 
the potential pool of affected parents is reduced by the 
significantly lower life expectancy of patients with a 
cardiac malformation, a point well clarified by others.!^ 
In the present study, only 0.6 percent of parents (11 
fathers and 13 mothers) were affected, as compared with 
1.4 percent of all siblings. Comparable values from the 
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studies of Nora et al. were 1.6 and 2.8 percent.!? No data 
were obtained in the present study with regard to inci- 
dence in offspring, but Nora et al. reported a value of 3. — 
percent, very similar to their value for siblings. Others _ 


have reported the incidence in offspring of affected — 











mothers to be greater than 5 percent.!6 E 
Genetic and environmental factors in siblings, — 
parents and offspring versus proband: If genetic — | 
factors are involved in the causation of cardiac malfor- | 
mations, defects occurring in siblings, parents and off- 
spring should tend to be similar to that in the proband. EFO 
Predisposing environmental factors would further this 
trend since they too can act to cause a familial aggre- E. 
gation of malformations. Although it seems unlikely  : 
that the genes and environmental factors predisposing _ 
to cardiac malformations are all specific in nature, the 
recurrent malformations in relatives indeed have shown _ 
a significant tendency to be the same as in the proband 
in this and other studies," but not to the extent re- 
ported by others.!^ The present study showed complete — 
concordance in 11 of 24 affected parents and in 19 of 61 — 
affected siblings (there was partial concordance inan 
additional 2 parents and 13 siblings). This tendency to 
somewhat greater concordance between parent and 
child than between siblings was also present in the study "a 
by Ehlers and Engle.!? U- 
Concordance rate for specific cardiac malfor- E 
mations: If one assumes that the individual types of 
cardiac malformations are unrelated with regard to - 
predisposing factors, then the first degree relatives — 
should show other cardiac malformations in the same _ 
number as in the general population. If, instead, all ` 
cardiac malformations are considered to have the same, 
or most of the same, predisposing genetic and eviron- - 
mental factors, then it is not valid to view them as — 
etiologically distinct entities and to apply the square 
root principle to them individually. The true situation — j 
probably lies somewhere in between, but closer to the . 
former, with some predisposing polygenes and envi- . 
ronmental factors in common, but with enough vari- - 
ability that recurrences in close relatives will include | 
both the gamut of cardiac malformations present in the — 
general population plus a greater incidence of the mal- — 
formation present in the proband than would be ex- — 
pected by chance. ; 






Under these circumstances one would not expect 
more than a crude approximation of the recurrence rate 
to the values projected by the square root rule. More- 
over, if predisposing genetic and environmental factors | 
tend to be specific, then the concordance rate for re- 
current malformations should be higher for relatives of — 
probands with common defects, since recurrence rates 
would be expected to be higher and since the common 
malformations constitute a higher percentage of the - 
entire population of cardiac malformations. Thus, in the | 
absence of any predisposing factors, concordance of $ 
cardiac malformations in relatives of probands with a 
ventricular septal defect should be about 30 percent, 
which is the percentage of isolated ventricular septal 
defect among all cardiac malformations. On the other 
hand, in affected relatives of probands with such rare 


ibo 
- ea c Ao d Riris antt 


-— t. ^ AI Mi carm 





f sch bel... as haus Be : 


eT Pere mA A PS d 


P) | PSY 1 d» a bad NERUN TUS — T " in si N 
~CONGER ITAL CARE MALFORMATIO IS— ANC noo >) PA 
we ~ ty 3 Retz n * ye , 


: 
_ defects as truncus arteriosus the concordance value 
-~ would be closer to 1 percent. In each case, one would 
. expect a total recurrence rate of about 0.8 percent, the 
: incidence of cardiac malformations in live-born infants.* 
_ When predisposing genetic and environmental factors 
E come into play, the concordance rates would be ex- 
pected to rise, to a value of nearly 90 percent for ven- 
tricular septal defect and nearly 50 percent for rare 
— cardiac defects, if one assumes that the square root rule 
is valid. Specifically, in the case of ventricular septal 
- defect, the square root recurrence estimate of 5 percent 
_ would be added to the 0.55 risk for cardiac malforma- 
_ tions other than ventricular septal defect (giving a 
Bicaneordance value of 5/5.55 or 90 percent), and for a rare 
. defect such as truncus arteriosus the square root esti- 
mate of 0.7 would be added to the 0.8 risk of cardiac 
malformations other than truncus arteriosus (giving a 
— concordance value of 0.7/1.5 or 47 percent). The absence 
- of such a trend in the present study or in published re- 
| ports weighs against the validity of the square root 
E" - principle, either in interpreting or projecting recurrence 
— rates for cardiac malformations. 
In the present study, the cardiac malformation was 
— identical to that in the proband in 7 of 13 affected 
. mothers and in 4 of 11 affected fathers. No similar pa- 
- rental breakdown of data has been given by others, but 
. further information on this point might help in the 
understanding of etiologic mechanisms. 
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_ Empiric Risk Figures 





Generally, empiric risk figures have been based on the 
incidence of cardiac malformations in all siblings of 
. affected probands, but it is preferable to base them on 

. pregnancies subsequent to the birth of the proband. In 
—. the present study, this gave a risk figure of 1.7 percent, 
slightly higher than the overall figure of 1.4 percent. 
Through the use of infant mortality data in siblings an 
upper limit of 3 percent was established. The recurrence 
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rates in siblings of probands with different malforma- 
tions showed a great scatter, not unexpected for the 
sample sizes involved, even if true recurrence rates did 
range from 1 to 5 percent. This is in contrast to the data 
of Nora et al.,!? who found exceedingly close approxi- 
mations of observed and expected recurrence figures 
using the square root rule. However, the latter data were 
comparable in magnitude with those in the present 
study, and the differences between the recurrence rates 
for the individual malformations do not appear statis- 
tically significant. There are reports!® that would 
suggest that the incidence of cardiac malformations may 
be greater in offspring than in siblings of probands with 
cardiac malformations, even apart from the effect that 
maternal factors such as hypoxia might have on the 
developing fetus. 

Since the reports on recurrences of cardiac malfor- 
mations in siblings do not deviate significantly from one 
another, and since statistically significant differences 
have not been shown between the various individual 
malformations, it seems reasonable to use either the 1 
to 5 percent risk figures reported by Nora et al.!? for 
individual malformations, or the 2 to 3 percent risk 
figure noted in this and other studies for all cardiac 
malformations. However, as noted, the risk figure must 
be increased, perhaps to 5 to 10 percent, once a second 
case has occurred in a sibship, and perhaps to 10 to 20 
percent if a parent is also affected, since these features 
indicate stronger aggregations of predisposing genetic 
and environmental factors. An even greater risk is in- 
dicated if there are additional affected persons in the 
immediate family. Most important, different risk figures 
must be developed and used for situations in which a 
specific gene, chromosome or environmental factor can 
be identified, and it behooves the physician and coun- 
selor to examine each patient's clinical diagnosis and 
family history critically before expressing opinions on 
the risks for recurrence of a cardiac defect in the fami- 


ly. 
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Complete and unselected data concerning the postoperative pathology 
of congenital heart disease are presented for the first time. This study was 
based on 2,365 autopsies performed at the Children’s Hospital Medical - 
Center, Boston, in the 9 years from 1966 through 1974. Of these, 586 . 
autopsies (25 percent) revealed congenital heart disease—238 performed — 
in medically treated patients (41 percent) and 348 in surgically treated 4 
patients (59 percent). Tetralogy of Fallot, including cases with pulmonary 
outflow tract atresia and other associated malformations, was the con- - 
genital heart disease most often encountered in the postoperative autopsy — 
series (88 cases, 25 percent of that series). D-transposition of the great — 
arteries, including cases with other associated anomalies, was second y 
(54 cases, 15.5 percent). Early death (hospital mortality) accounted for — 
320 (92 percent) of the 348 surgical cases; late death occurred in 28 — 
patients (8 percent). Causes of late postoperative death included ar- 

rhythmias, excessively small ventricular septal defect with tricuspid 
atresia, massive hemoptysis, rupture of the pulmonary artery, cyanotic 

spell, congestive heart failure and infection. Prophylactic penicillin is- 

recommended for patients with the asplenia syndrome because of their 
probably enhanced vulnerability to fulminating septicemia by encapsulated - 
bacteria such as the pneumococcus. Completeness and lack of selection - 
in reporting data are essential in the interests of perspective and com- i 
parability of findings. 1 


à 
In a recent meeting on emerging problems in adults and children after 
cardiac surgery, Engle! posed the following difficult question: As assessed 
from the standpoint of cardiac pathology, what problems will patients 
with congenital heart disease encounter after cardiac surgery in the fu- 
ture? To consider this question, we thought it necessary first to establish 
our past postoperative problems. Hence, this presentation is concerned 
with both past problems and future projections. ; 
In making this investigation, we found virtually no relevant reports. 
To our knowledge, comparable data have not been published previously. 
This finding in turn led us to appreciate how important it is that pub- 
lished data, whether pathologic findings or surgical results, be complete 
and unselected. Otherwise, it is not possible to make valid comparisons 
of data from different centers. Even within one center it is not possible 
to see an individual finding in accurate perspective unless the data are. 


complete and unselected. | 3 


Case Material 


1 

A study was made of all autopsies performed in patients with congenital heart | 
disease at the Children’s Hospital Medical Center in Boston in the 9 years from 
1966 through 1974. No case was omitted for any reason. During this time, 2,365 
autopsies were performed. Of these, 586 revealed congenital heart disease. 


A 
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.. of congenital heart disease ranged from a low of 21 
. percent of all autopsies performed in 1967, to a high of 
. 29 percent in 1969 (average 25 percent from 1966 
_ through 1974, Fig. 1, Table I). 

= Medical versus postsurgical autopsies: Medically 
_ treated patients, who underwent no cardiovascular 
_ surgery, ranged from a low of 29 percent of all autopsy 
_ cases of congenital heart disease in 1974 to a high of 50 
percent in 1970 (average 41 percent from 1966 through 
1974, Fig. 2, Table I). 
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cent from 1966 through 1974, Fig. 3, Table). — ^g 

Early versus late deaths: Early death (hospital 
mortality) in 320 cases accounted for 92 percent of 348 
postoperative autopsy cases of congenital heart disease 
from 1966 through 1974. Late death (after hospital 
discharge) in 28 cases accounted for 8 percent of post- 
operative autopsy cases of congenital heart disease 
during this 9 year period. The causes of late death in - 
each of these 28 cases are summarized in Table II. 

Types of congenital heart disease: The cardiac 
anomalies associated with early and late postoperative 
death from 1966 through 1974 are summarized in Table 
III. For 7 of these 9 years (1970 and 1972 being the ex- 
ceptions), tetralogy of Fallot, including cases with pul- . 
monary outflow tract atresia and other associated 
malformations, and d-transposition of the great arteries, 
including cases with additional associated anomalies, 
were, respectively, the first and second or second and. 
first most frequent types of congenital heart disease 
associated with postoperative autopsies. During this 9 


in 1970 to a high of 71 percent in 1974 (average 59 per- 
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TABLE Il 
Late Deaths (by year) in Postoperative Patients (28 cases) 





Year no. (96) Diagnosis 


1966  20f42(59) ToF with block, 3 mo postop 
ToF, shunt occluded by SBE vegeta- 


tions, 1 1/2 yr postop 


D-TGA, meningitis 4 1/2 yr post ASD 
creation 

D-TGA, aspiration 14 mo post ASD 
creation 

Down's syndrome, CCAVC and PS, CHF 
2 yr post Potts procedure 

L-TGA, |S,L;Li, VSD and complete A-V 
block, CHF 1 1/2 mo post pacemaker 

LCA from PA with EFE of LV, CHF 
8 1/2 mo post LCA ligation 


1967  50f31 (16%) 


1968 
1969 


0 of 40 


4 of 51 (8%) ToF with block, 2 2/3 yr postop, pace- 
maker failure 

ToF, 2 1/3 yr post repair, recurrent VT 

Extreme PS with IVS, 3 7/12 yr post 
Waterston procedure, CHF, PAT 

ToF, 15 yr post pleural stripping, 
cyanotic spell 


1970 2of 30 (7%) P Atr with IVS, 5 3/4 mo post Waterston 
procedure, arrhythmia 
Asplenia with PS, 3 mo post Waterston 


procedure, CHF 


1971 5o0f51(10%)  ToF, 19 yr post Potts, rupture of MPA 

ToF, 2 1/5 yr post B-T, VF during 
surgery for spinal fusion 

ToF, 8 1/3 yr post B-T, sudden unex- 
pected death, ? arrhythmia 

M Atr with TR, 4 5/6 yr post ASD, 
massive hemoptysis 

ToF, 7 3/4 yr post B-T, SBE with 
massive hemoptysis 


1972 1 of 33 (3%) Subaortic fibrous ring, 1.1/2 mo post 
repair, fatal hemorrhage from 


cerebral arteriovenous aneurysm 


PDA division and MPA band, 3 7/12 yr, 
aneurysm of pars producing subaortic 
stenosis 

"Recoarctation'' of aorta, 4 mo postop 

Asplenia, 5 1/6 yr post Waterston, ful- 
minating pneumococcal septicemia 


1973 3 of 36 (8%) 


1974 6o0f34(18%) ToF,6 1/2 yr post repair, recurrent 
VT VF 

D-TGA blocked, 1 mo postop during 
pacemaker change 

D-TGA, 11 mo post Rastelli, infected 
patch from sternal abscess 

D-TGA, VSD, PS, 22 yr post Potts, 
rupture of RPA 

DORV with PS, 4 yr post pleurectomy, 
brain abscess 

L-TGA with left-sided T Atr and "'sub- 
aortic stenosis,” 3 1/2 yr post ASD and 
MPA band, AF then VF 


AF = atrial fibrillation; ASD = atrial septal defect; A-V = atrio- 
ventricular; B-T = Blalock-Taussig anastomosis; CCAVC = complete 
common atrioventricular canal; CHF = congestive heart failure; D = 
dextro; DORV = double outlet right ventricle; EFE = endocardial 
fibroelastosis; IVS = intact ventricular septum; L = levo; LCA = left 
coronary artery; LV = left ventricle; M Atr = mitral atresia; MPA = 
main pulmonary artery; PA = pulmonary artery; PAT = paroxysmal 
atrial tachycardia; P Atr = pulmonary atresia; PDA = patent ductus 
arteriosus; postop = postoperatively; PS = pulmonary stenosis; 
RPA = right pulmonary artery; SBE = subacute bacterial endo- 
carditis; }S,L,L} = situs solitus of the viscera and atria; ventricular 
/-loop and /-transposition of great arteries; T Atr = tricuspid atresia; 
TGA = transposition of great arteries; ToF = tetralogy of Fallot; TR 
= tricuspid regurgitation; VF = ventricular fibrillation; VSD = ven- 
tricular septal defect; VT = ventricular tachycardia. . 


year period as a whole (Table IV), tetralogy of Fallot was a 
the most common type of congenital heart disease in 3 


this series of postoperative autopsies (25.3 percent), and 
d-transposition of the great arteries was second (15.5 
percent). 


Discussion 


Since this is the first presentation of complete and 
unselected data concerning the postoperative pathologic 
findings in congenital heart disease, data from other - 
centers are needed to achieve a more complete and  . 


representative understanding of this topic. 


Congenital heart disease accounted for 25 percent of 3 


all autopsies performed at the Children's Hospital 


Medical Center in Boston during the 9 year study period 5: 
(Fig. 1, Table I) and was by far the leading cause of ` 
death at our hospital during the past decade. Leukemia 


plus lymphoma was second, constituting approximately 
15 percent of all autopsies.? Each of the other important 
causes of death accounted for 10 percent or less of all 


autopsies. These data are biased by the fact that our — 
hospital is a referral center for major disease in infants - 
and children. Congenital heart disease may also be the 
leading cause of death in other children's hospitals, but — 


such data are not now available. 


Our data show that among the autopsy cases of con- — : 
genital heart disease, the percent of medical cases is 
decreasing (Fig. 2) and the percent of surgical cases is. _ 


increasing (Fig. 3). These statistics are thought to reflect 


the fact that as our surgical management of congenital _ 
heart disease has continued to improve, fewer patients - 
have been managed medically and more have been op-  - 
erated upon. Not only has the percent of our surgical — 
patients increased, but also the progressively more 
difficult forms of congenital heart disease have been — 


managed surgically in recent years. 


In absolute numbers, as opposed to percentages, all | 


autopsy cases are decreasing (Table I). This finding 
probably reflects the declining birth rate: Fewer au- 
topsies of all kinds are being performed and there are 


fewer autopsy cases of congenital heart disease, whether - ; 


medical or surgical, or both. 


Types of Congenital Heart Disease 


Tetralogy of Fallot, including cases with pulmonary - 


outflow tract atresia and other associated anomalies, 
was the congenital heart disease most often associated 
with postoperative death, accounting for 25.3 percent 
of all postoperative autopsy cases of congenital heart 
disease (Table IV). D-transposition of the great arte- 
ries, including cases with additional associated anom- 
alies, was second, constituting 15.5 percent of all post- 
operative necropsies. 

These are unfamiliar statistics. One must be careful 
not to misread these autopsy statistics as surgical 
mortality rates. They are not. Instead they are thought 


to reflect a difficult to dissect mixture of (1) frequency - 


in surgical case load, and (2) surgical difficulty. Initially, 
we were surprised by these necropsy statistics. We had 
thought that tetralogy of Fallot was essentially a solved 
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| TABLE III 
. Malformations Associated with Surgical Death: Early and Late Mortality | | | 
E: Malformation : no. (96) Malformation no. (96) 
k - v ee Be a i o 
a 1966 (42 Cases) 1970 (30 Cases) * 
E Tok 11 (26%) ToF 6 (20%) 
p c D-TGA 6 (14%) Preductal coarctation 4 (1396) 
E. DORV 5 (12%) TAPVC, supracardiac 3 (1096) 
E Single ventricle 2 (596) gt un 3-08) 
B. = Congenital mitral stenosis 2 (596) Corrected TGA 2 (796) 
M Truncus arteriosus 2 (596) Cor triatriatüm 1 (3%) 
E P Atr with IVS — 2 (5%) Truncus arteriosus 1 (3%) 
E. Cardiac malpositions 2 (596) VSD 1 (3%) 
E VSD 2 (5%) PS, VSD, AMB 1 (3%) 
E Ebstein's anomaly 1 (296) DORV with PS 1 (3%) 
nc T Atr 1 (2%) Marfan's syndrome with aortic rupture 1 (396) 
a CCAVC 1 (2%) EM Ge ne a beget re ea ee le Ra 
E Abdominal coarctation 1 (296) 1971 (51 Cases) 
ES — MR 1 (2%) EE ES 
AP window 1 (2%) ToF 14 (27%) 
ESI RW talc a eZ reo % 
E 1967 (31 Cases) Made dire 
E eo ——————————— P Atr with IVS 5 (1096) 
E. D-TGA 8 are PS 2 (4%) 
ToF — 4 (13%) Corrected TGA 2 (4%) 
T Atr 3 (10%) Preductal coarctation 2 ves 
E. : AS 2 (496 
E Single LV 2 (6%) 
- —  AASD | with MR 2 (696) ACM ÍS, D, LI 1 (296) 
E Isolated ventricular inversion 2 (696) Overriding TV 1 ie 
d —— '. Annulo-aortic ectasia 1 (396) oaa site eie E i PS zh 
`- Down's syndrome with CCAVC and PS 1 (396) Partial APVCTORA 1 (2%) 
|... Truncus A1 1 (396) eor 2o deb ia 
Bos : Aortic atresia 1 (296) 
` Aberrant LCA from MPA 1 (39%) - 
Ne. L-TGA 1 (3%) Aberrant LCA 1 (2%) 
E y E Ectopia cordis 1 (296) 
n |». VSD 1 (396) 
EU UU UFAt with IVS 1 (3%) Absent PV leaflets 1 (296) 
B. 2. VSD with MR 1 (296) 
d ` i 
E | 1968 (40 Cases) Truncus arteriosus ; 1 (296) 
a o ————————— — 1972 (33 Cases) 
pu ToF 14 (3596) ———————ÀÉÁ— Lu ue. 
E. D-TGA 10 (25%) P Atr with IVS 6 (18%) 
Be, L-TGA 2 (5%) ToF 5 (15%) 
ss P At with IVS 2 (5%) 
> Asplenia 2 (5%) zo gel pe ist 
ASD II 2 (5%) PDA 2 (6%) 
—— — . Preductal coarctation 2 (5%) HR. 1 (3%) 
EL. iPS 1 (2.596) EU 1 (3%) 
= Premature closure of FO 1 (2.5%) igi id 
E Corrected TGA 1 (396) 
E Ao Atr 1 (2.5%) AS 1 (3%) 
E Right ventricular hypoplasia 1 (2.596) CobretaH&n 1 (396) 
M Rubella syndrome 1 (2.596) VSD 1 (3%) 
wu Y 
" Polysplenia 1 (2.596) DILV 1 (3%) 
po ASD Iland VSD 1 (2.596) Subaortic fibrous ring 1 (3%) 
A VSD with aortic regurgitation 1 (3%) 
C 1969 (51 Cases) IAA with AP window 1 (396) 
ÉRIC REESE ME ER D NN Isolated levocardia 1 (396) 
D. ToF 18 (35%) ASD | 1 (3%) 
D-YGA —' 10 (20%) Truncus arteriosus with 1 (396) 
P Atr with IVS 3 (6%) SETPONE V eyndróii | 
Ce a a a E 4 
IAA 2 (4%) | 1973 (36 Cases) fies 
Asplenia 2 (496) AU VIENT MÁS er EE 
Rubella syndrome 2 (496) e 
DORV 2 (4%) Tr : ba 
PS (valvular) 2 (496) D-TGA 5 (1476 
Preductal coarctation 2 (496) VSD 3 (896) | 
Ao Atr 1 (296) PDA IARD 25 
Single LV 1 (2%) TAPVC 2 (5.596) : 
CCAVC 1 (296) Truncus arteriosus 2 (5.596) 
ASD I with MR 1 (296) Rhabdomyoma 1 (396). 
PDA 1 (296) Preductal coarctation : 1 (396) 
TAPVC 1 (296) P Atr with IVS 1 (396) 
L-TGA 1 (296) Asplenia with septicemia 1 (3%) ° 
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TABLE II! (cont'd) 
Malformation no. (95) 
1973 (36 Cases) (cont'd) 

MM 

CCAVC 1 (396) 

IAA (B) 1 (396) 

T Atr 1 (396) 

AS. . 1 (396) 

Single LV 1 (396) 

DORV 1 (396) 
eee E E NR ND e IR I ILL RM E 

1974 (34 Cases) 

DUELVE VI oou irse Mipali i ipe ai Me gii ESS 

D-TGA 8 (24%) 

ToF 7 (2196) 

VSD 4 (12%) 

ASD | 3 (9%) 

Preductal coarctation 2 (6%) 

IAA 2 (6%) 

Truncus arteriosus. 1 (3%) 

Down's syndrome with CAVC and 1 (3%) 

MPA band 

M Atr with DORV 1 (3%) 

DORV, DIRV and PS 1 (3%) 

PS, myxomatous 1 (3%) 

T Atr with D-TGA 1 (3%) 

L-TGA with subaortic stenosis 1 (3%) 

ILS,L,I] atrial noninversion 1 (396) 


*Few Mustard procedures were performed for d-transposition of 
great arteries. 

ACM |S,D,L! = anatomically corrected malposition of the great 
arteries with situs solitus of the viscera and atria, ventricular d- 
loop and /-malposition of the great arteries; AMB = anomalous 
muscle bundles; Ao Atr = aortic atresia; AP = aorticopulmonary; 
APVC = anomalous pulmonary venous connection; AS = aortic 
stenosis; ASD | and Il = primum and secundum atrial septal defect; 
DILV = double inlet left ventricle; DIRV = double inlet right 
ventricle; FO = foramen ovale; IAA = interrupted aortic arch; 
11,S,L,1} = situs inversus of the viscera, situs solitus of the atria, 
ventricular /-loop and inverted normal relation between the great 
arteries, MR = mitral regurgitation; PV = pulmonary valve; RA = 
right atrium; TAPVC = total anomalous pulmonary venous connec- 
tion; TV = tricuspid valve. Other abbreviations as in Table II. 


surgical problem. However, the data do not support this 
assumption. Instead, the findings indicate that in terms 
of the absolute number of postoperative fatalities (as 


- opposed to mortality rates), tetralogy of Fallot is our 


largest problem, followed by d-transposition of the great 


— arteries. Whether this is also true of other diagnostic 


and therapeutic centers concerned with congenital heart 
disease is unknown because such information is not now 
available. 

Analysis of the postoperative autopsy statistics by 


~ year (Table III) also indicates that tetralogy of Fallot 


and d-transposition of the great arteries were the 
leading causes of postoperative death from congenital 
heart disease during this study period. In 7 of the 9 years 
(1970 and 1972 being the only exceptions), tetralogy and 
d-transposition of the great arteries were, respectively, 
the first and second or second and first most frequent 


types of congenital heart disease associated with post- 


operative autopsy. 


Late Mortality 


On the basis of available data, the frequency of late 
postoperative death does not appear to be increasing. 
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. TABLE IV i 3 
Malformations Found Most Often in 348 Postoperative 5 
Autopsy Cases of Congenital Heart Disease, -H 
1966 Through 1974 re 
no % ^m: 
ana a iore 
Tetralogy of Fallot* 88 25.3 3 
D-transposition 54 15.5 






of great arteriest 


* Including cases with pulmonary outflow tract atresia and other — 
associated malformations. ee 
f Including cases with other associated anomalies. d 


Table II merits careful scrutiny, each case being a story — 
in itself. Several findings concerning these late post- i 
operative deaths merit specific mention. — IO 
Arrhythmias: Arrhythmias were important: tetral- 
ogy with A-V block (1966); tetralogy with A-V block and | 
tetralogy with recurrent ventricular tachycardia (1969); — 
pulmonary atresia with intact ventricular septum, . 
presumed ventricular tachyarrhythmia (1970); tetralogy — 
of Fallot after a Blalock-Taussig anastomosis, with — 
ventricular fibrillation during operation for spinal fu- . 
sion, presumably as a result of intraoperative hypo- . 
tension (1971); and tetralogy of Fallot with recurrent . 
ventricular tachycardia progressing to ventricular fi- © 
brillation (1974). E 
In two cases, excessive right ventricular myocardial a 
resection in tetralogy of Fallot was associated with re- — 
current ventricular tachyarrhythmias 2 and 6 1/2 years - 
postoperatively (1969, 1974). EO VE. 
In patients with pulmonary atresia and intact ven- - 
tricular septum supraventricular tachyarrhythmias and 
congestive heart failure developed apparently because - 
of right atrial enlargement (1969, 1970). The possibility — 
of a ventricular component in fatal arrhythmias in this - 
disease must also be borne in mind, in view of the et 
sibility of coronary arterial abnormalities (thick walls, | 
small lumens, interruptions), sinusoids and the often 
striking myocardial bypass as right ventricular blood | 
passes into the coronary arteries by way of sinusoids, — 
followed by retrograde coronary blood flow. . 4 
Obstructively small ventricular septal defect: In | 
one case this developed in association with tricuspid - 
atresia (left-sided). Since the patient also had /-trans- - 
position of the great arteries {S,L,L}, the obstructively | 
small ventricular septal defect resulted in an unusual — 
form of muscular “subaortic stenosis" (1974). It may be | 
possible to enlarge such a ventricular septal defect 
surgically along its margin inferiorly, but probably not - 
superiorly because of the conduction system in /-loops, — 
thereby relieving the muscular subaortic stenosis. In- - 
traoperative mapping of the conduction system should - 
make it possible to avoid block. E 
Other causes of late death: Massive hemoptysis 
leading to late postoperative death in two cases was- 
associated with subacute bacterial endocarditis (1971) 
and with pulmonary hypertension (1971). Rupture of 
a pulmonary artery occurred without known bacterial 
endocarditis in two cases approximately 20 years after 
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the creation of a Potts anastomosis (1971, 1974). A fatal 
-cyanotic spell occurred in a patient with tetralogy of 
__ Fallot 15 years after pleural stripping (1969). Congestive 
. heart failure led to late postoperative death in three 
|... cases in association with an excessively large Waterston 
-. or Potts anastomosis (1967, 1969, 1970). 

: Infection: Infection was important: occlusion of a 
_ shunt in tetralogy of Fallot by vegetations of subacute 
bacterial endocarditis (1966); meningitis in surgically 


_ palliated d-transposition (1967); subacute bacterial 
_ endocarditis in tetralogy resulting in massive hemop- 
E tysis (1971); sternal abscess leading to infection of 
Rastelli conduit in d-transposition (1974); brain abscess 
à in double outlet right ventricle with ventricular septal 
defect and pulmonary stenosis (1974); and fulminating 
_ pneumococcal septicemia in a 5 year old boy with as- 
.. plenia (1973). 
2 Penicillin prophylaxis for the asplenia syndrome: 
- The aforementioned 5 year old boy died less than 24 
- hours after the onset of a fulminating febrile illness that 
| proved to be a pneumococcal septicemia. It is now 
- known that the spleen performs an important role in the 
- preliminary opsonization of encapsulated bacteria such 
. as the pneumococcus with specific antibodies in order 
- to facilitate their phagocytosis.? This case, plus the new 
| understanding of the immunologic role of the spleen in 
_ the body's defenses against the pneumococcus, strongly 
| suggested that one should give serious consideration to 
the possibility of providing prophylactic penicillin to 
patients with the asplenia syndrome, similar to that 
- given to patients with a history of rheumatic fever. If 
_ one decides against such prophylaxis, then it would at 
: least seem wise to give such patients large doses of 
_ penicillin at the first indication of a flu-like, febrile ill- 
- ness. However, the fulminating time course of the 
_ pneumococcal septicemia in our patient was so rapid 
. and devastating, with profound leukopenia, that we now 
recommend penicillin prophylaxis for survivors of the 
- asplenia syndrome with successful palliation. 


1 


. Future Projections 
1 Our findings strongly suggest that the major problem 
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of the postoperative patient with congenital heart dis- 
ease, as seen from the standpoint of cardiac pathology, 
will continue to be hospital mortality (92 percent of our 
postoperative series) rather than late mortality (8 per- 
cent). However, the need for careful, long-term post- 
operative follow-up of patients with congenital heart 
disease is apparent, since many questions can be an- 
swered satisfactorily only in this way. 

In view of the relative consistency of the findings over 
the years, namely, that tetralogy of Fallot and d- 
transposition of the great arteries were the leading 
causes of death from congenital heart disease during 7 
of the 9 years of this study period, it seems probable that 
in the near future, tetralogy of Fallot (including cases 
with pulmonary outflow tract atresia and other associ- 
ated malformations) and d-transposition of the great 
arteries (including cases with other associated anoma- 
lies) will continue to be leading causes of postoperative 
death from congenital heart disease in terms of the 
absolute number of fatalities (as opposed to percent of 
fatalities). Efforts to improve the management of pa- 
tients with tetralogy of Fallot and with d-transposition 
of the great arteries are clearly warranted. 
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Addendum 


After completion of this paper, a study by Waldman 
et al.* confirmed that the frequency of fulminating fatal 
septicemia with encapsulated bacteria is much greater 
in patients with congenital asplenia than in appropriate 
control subjects: Klebsiella and Escherichia coli before 
age 6 months, and pneumococcus and Haemophilus 
influenzae from age 6 months onward. Consequently, 
Waldman et al. recommend continuous antibiotic 
prophylaxis in children and adults with congenital as- 
plenia: amoxicillin (25 mg/kg per day in two divided 
doses, maximum 1 g/day) or ampicillin (50 mg/kg per day 
in four divided doses, maximum 2 g/day). 
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The data were reviewed of 42 patients who had valvulotomy for severe 3 
aortic valve stenosis before 1968. All were over age 2 years (mean age i: 
11.3 years). The mean time of follow-up after surgery was 10.6 years — 
(range 6 to 16.3 years). No patient died at operation. Two late deaths were 4 
from endocarditis with aortic regurgitation, and one patient with severe — 
aortic regurgitation died suddenly; three patients had valve replacement — 
for aortic regurgitation and one required repeat valvulotomy. Five patients — 
could not be traced. E 
Major symptoms were alleviated in all patients. Left ventricular pres- 3 
sures were obtained in 15 patients before and after operation; the mean . 
gradient averaged 100 mm Hg before and 43 mm Hg after operation. No 
patient had significant aortic regurgitation before operation. Twelve had | 
moderate to severe regurgitation after operation. The incidence of late — 
valve calcification at a mean time of 10.6 years after operation was small, — 
and restenosis was uncommon. Because moderate or severe incompe- — 
tence can be produced and stenosis is often incompletely relieved, the- 
operation is palliative, but the low morbidity and mortality rates suggest - 
that it is an effective procedure if stenosis is severe and life-threaten- - 


ing. 5 















In the past 2 decades aortic valve commissurotomy has usually beer 
recommended for children and young adults with severe congenital ac rtic 
valve stenosis. Stenosis has been adequately relieved in most patients 
and operative morbidity and mortality rate have been low.!-3 The early 
and later results of surgery have been favorable,*-’ further suggesting | 
that this is the correct management for severe aortic stenosis. ^j 

Although patients with congenital aortic stenosis who have had val- 
vulotomy are told they will eventually require valve replacement, the 
long-term fate of most of these patients is uncertain. This study is an - 
attempt to determine the long-term results of aortic valvulotomy in 42 . 
patients with congenital aortic stenosis who were operated on between 
1956 and 1968 at the Johns Hopkins Hospital. The data in some of these 


cases were reviewed in an earlier report.! | 
i 
Method 4 


Forty-two patients over 2 years of age who had aortic valvulotomy for con- 
genital aortic stenosis were reviewed. Cardiac symptoms, physical signs, elec- - 
trocardiographic and chest X-ray findings were evaluated retrospectively before - 
operation, 1 year postoperatively and in 1974 (mean time 10.6 years postoper- - 
atively; range 6 to 16.3 years). Patients were initially operated on for cardiac - 
symptoms, electrocardiographic changes consistent with left ventricular hy- 
pertrophy or strain, or a peak systolic gradient greater than 60 mm Hg at cardiac |. 
catheterization. Six patients were asymptomatic before operation, 25 had easy - 
fatigability and mild dyspnea, 3 had angina pectoris, 6 had episodes of syncope, ! 
1 had dizziness and 1 had nocturnal dyspnea. 1 

Left ventricular pressure was measured in 15 patients before operation and 
in 20 patients after operation. The findings are presented in Table I. A 

Surgical technique: Between 1957 and 1968 surgery was performed using 
cardiopulmonary bypass, initially with potassium-induced cardiac arrest, later. 
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Aortic Valve Peak 


Case Systolic Gradient (mm Hg) si Aortié 
|. no. Preop Postop Surgery Regurgitation 
EA 106 65 4.0 Mild 
2" 92 120 4.8 Mild 
9" 120 12 1.8 Mild 
"a 209 57 10.3 Mod 
5 116 78 6.7 Mod 
EAT sl 3r 24 7.1 Mod 
“pes M 21 14.1 Mod - severe 
8 70 16 4.0 Mod 
9 by: 18 14.8 Nil 
10 100 40 T2 Mild 
11 T» 93 122 Mod—severe 
12 110 70 28 Mod 
13 NM 25 15.1 Mod 
14 105 11 9.0 Mild 
15 83 11 4.1 . Mod 
16 89 0 4.1 Severe 
17 100 64 78 Mod 
18 93 10 6.9 Mod—severe 
19 102 28 8.7 Mild 
20 65 47 11.5 Mild 
Mean 104 43 E. "SE 


. *Same patient with successive valvulotomies. 
- Postop = postoperative; preop = preoperative. 


 ishreidecin and, more recently, with TASON fh The 
- technique used was that of open valvulotomy from the aortic 
 root.! The usual anatomic abnormality found at operation was 
a bicuspid aortic valve. Associated cardiovascular anomalies 
- included coarctation of the aorta (one patient) and patent 
_ ductus arteriosus (one patient). The former was repaired 6 
be months after aortic valvulotomy, the latter at the time of 
. valvulotomy. 


3 Results 
_ Immediate Postoperative Period 


| All 42 patients survived the operation. The mean age 





at operation was 11.3 years (range 3 to 28 years). Com- 
plications were uncommon and minor. Aortic regurgi- 
_ tation was noted in four patients before operation. 
~ Clinical findings at the time of discharge were available 

E in 26 patients, and 21 had an early diastolic murmur 
. suggesting aortic regurgitation. 


i One Year Postoperative Follow-Up 


E Five patients were entirely asymptomatic before 
3 operation and remained so postoperatively. Eleven 
_ patients who had a major symptom such as nocturnal 
p dyspnea, dizziness, syncope or angina pectoris before 
E operation were asymptomatic 1 year after operation. Of 
È _25 patients who admitted to mild symptoms of fatiga- 
- bility or mild dyspnea, 24 were asymptomatic 1 year 
_ later. Thirty-five patients had aortic regurgitation; in 
- 12 it was assessed on clinical examination as moderate 
or severe. The other physical signs were difficult to 
evaluate retrospectively but the typical murmur of 

: ` congenital aortic stenosis was present in all. 
Electrocardiographic evidence of left ventricu- 
lar hypertrophy: The electrocardiograms were com- 
_ pared before and 1 year after operation in 40 patients. 
- Left ventricular hypertrophy was diagnosed on the basis 
of voltage criteria when the S wave in lead V; plus the 
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R wave in lead V5 was greater than 45 mm. A left ven- 
tricular strain pattern was noted when symmetrical T 
wave inversion was present in the inferior or lateral 
chest leads. 

Before operation 9 patients had no evidence of left 
ventricular hypertrophy; 11 had left ventricular hy- - 
pertrophy with voltage criteria; 20 had a pattern of left 
ventricular hypertrophy with strain. 

Postoperatively, the abnormal inverted T waves re- 
turned to normal in 14 of the 20 patients with a strain 
pattern; 6 patients showed no improvement (4 with 
moderate to severe aortic regurgitation postoperatively 
and 2 with severe residual stenosis). 

Of 11 patients with left ventricular hypertrophy on 
the basis of voltage criteria, 3 had normal findings 
postoperatively; 3, all with moderate aortic regurgita- 
tion, had a more severe pattern of left ventricular hy- 
pertrophy with strain, and in 5 the pattern was un- 
changed. In two of the nine patients with a normal 
electrocardiogram before operation, left ventricular 
hypertrophy developed postoperatively; both patients 
had moderate aortic regurgitation clinically. 'T'he failure 
of resolution or appearance of a pattern of left ventric- 
ular hypertrophy or strain 1 year postoperatively was 
associated with moderate or severe aortic regurgitation 
produced at operation (three cases) or with residual 
stenosis (two cases). 

One patient had a P-R interval of 0.2 second; the QRS 
duration was normal in all before and after operation. 
One patient had left axis deviation, one had right axis 
deviation, the rest had a normal axis. No arrhythmias 
were noted. 

The cardiothoracic ratio in the posteroanterior chest 
roentgenogram was assessed in 28 patients preopera- 
tively and was normal; there was no significant change 
after operation. 


Long-Term Follow-Up 


Of the original 42 patients, 37 were assessed at a re- 
cent followup; the data in 5 who could not be contacted 
were excluded from the analysis. The mean time after 
operation was 10.6 years (range 6 to 16.3 years). Three 
patients had died. One who had severe aortic regurgi- 
tation died suddenly 4.4 years after operation and the 
other two died of infective endocarditis 3.3 and 6.3 
years, respectively, after operation. Three patients who 
experienced exertional dyspnea and cardiac enlarge- 
ment from severe aortic incompetence required aortic 
valve replacement 5.3, 10.3 and 14.2 years, respectively, 
after operation. All three patients survived and were 
asymptomatic when last seen. A further patient had 
repeat valvulotomy for aortic stenosis. Although some 
restenosis was thought to have occurred, the original 
operation was probably inadequate; a satisfactory re- 
duction in stenosis was achieved at the second valvu- 
lotomy. 

Clinical findings: The remaining 31 patients were 
evaluated clinically with posteroanterior and lateral 
chest roentgenograms and, when available, electrocar- 
diograms. The mean time after operation was 12.2 years 
(range 6 to 16.3 years). Twenty-one patients * were 
thought to have mild residual disease and were 
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asymptomatic. Ten patients clinically had the physical | 
signs of severe aortic stenosis or incompetence with © 
- cardiomegaly. All had a pattern of severe left ventricular 


hypertrophy with strain in the electrocardiogram. Those 
with clinically significant valve incompetence had car- 
diomegaly. Further surgery was recommended for all 
10 patients. 

The presence of calcium in the aortic valve was as- 


sessed with fluoroscopy in 15 patients and with the 


lateral chest X-ray film in the remaining patients. Only 
one patient had a calcified valve. 


Hemodynamic Assessment 


Seventeen patients had left-sided pressure mea- 
surements before operation. Many of these patients 
were assessed before left heart catheterization had be- 


- come a routine procedure in this institution. In some, 


left ventricular pressure was obtained by transthoracic 
left ventricular needle puncture; aortography was per- 
formed in only three patients preoperatively. 
Postoperative cardiac catheterization: Twenty 
patients had postoperative cardiac catheterization 
electively and not because of development of symptoms. 


— [n 15 patients pre- and postoperative pressure data 


could be compared. The mean time after operation in 
these patients was 5.8 years, and the mean aortic valve 


|... gradient was 104 mm Hg preoperatively and 43 mm Hg 
M postoperatively (P «0.001) (Fig. 1). One patient with 


a postoperative gradient of 120 mm Hg had a further 


—— yalyulotomy 6.8 years after the first, and the gradient 


was reduced to 12 mm Hg. This was the only patient 
who had repeat valvulotomy. 


Discussion 
The criteria for operation in congenital aortic stenosis 


-. have changed little over the years. Patients with a peak 
systolic gradient of 60 mm Hg or greater are recom- 
mended for surgery? unless unusual anatomic features 


such as a unicuspid valve are present.? The patients are 
typically children or young adults and few have major 
symptoms of angina, syncope or heart failure, but the 
risk of sudden death even in asymptomatic patients plus 
the myocardial damage associated with long-standing 
left ventricular hypertrophy are the accepted reasons 
for operation in patients without symptoms or in those 
with only fatigue or mild dyspnea of effort. The pub- 
lished reports of the results of surgery in congenital 
aortic stenosis are often difficult to analyze, and discrete 
left ventricular outflow obstruction at subvalvular or 
supravalvular levels is often included in series of pa- 
tients with obstruction at the valvular level.!?45 Be- 


^ cause these conditions require different operative 


techniques, results of a pooled analysis of postoperative 
progress may be confusing. 

Children less than 2 years old who had surgery for 
aortic valve stenosis were not included in our series 
because infantile aortic stenosis is usually a complex 


entity often associated with underdevelopment of the 


left heart chambers and high medical and surgical 
mortality rates.!? | | 

Valve calcification: The natural history of aortic 
valve stenosis reveals that the frequency of valve cal- 
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Change In Aortic Gradient 
After Surgery 
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FIGURE 1. The peak systolic gradients between the left ventricle and — 
aorta (open circles) before and after (closed circles) operation. The. 
dotted line represents the mean and the vertical bars 1 standard error — 
of the mean. P. 
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cification in childhood and adolescence is low but in- - 
creases with age.>-!! There are no data in this study to - x 
suggest that valve calcification is either lessened or — 
developed by prior valvulotomy. Only one patient was — 
found to have a calcified valve at follow-up study, and — 
he was aged 39 years, the oldest patient in the series. At 
operation 11.5 years earlier, no calcium was noted in the 4 
valve. É- 
Restenosis or residual stenosis: Restenosis appears 
to occur infrequently.!? In our series objective hemo- k. 
dynamic findings were available in only 20 patients 
postoperatively and at only one point in time, and re- 
stenosis was difficult to assess. In one patient (Case 2) — 
reoperation decreased the gradient from 120 mm Hg to 5 

12 mm Hg and the residual gradient may have been due 
to inadequate initial surgery rather than restenosis. . 

Many patients thought to have restenosis probably have P 
had inadequate valvulotomy; this observation empha- | 
sizes the value of performing cardiac catheterization — 
studies within a year after operation so that an objective - 
measurement of residual stenosis may be made because : 
the clinical assessment alone is often unreliable. Calci- : 
fication undoubtedly would cause restenosis, but we - 
have shown this to be uncommon even after operation | 
in the younger age groups. After age 35 years, patients © 
should be carefully assessed with fluoroscopy to deter- _ 
mine if calcium is present in the valve since its presence - 

may indicate significant restenosis.5.! : 
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Residual stenosis was significant in this series. Of the 
-~ 15 patients who had gradients measured before and 
. after operation, 6 had a significant residual gradient of 
. more than 60 mm Hg. This degree of obstruction is an 
. indication for surgery in patients not previously treated 
= surgically for aortic valve stenosis.8 As mentioned, re- 
E operation in our Case 2 resulted in a reduction of the 
_ gradient from 120 to 12 mm Hg. In the remaining five 
. patients, the degree of stenosis was significantly reduced 
oa from the preoperative level. Repeat valvulotomy was 
- not considered because of the anatomic features ob- 
— served at the time of operation, and prosthetic valve 
— replacement was not believed to be justified at that 
time. 
— A Aortic regurgitation: The major complication of 
. aortic valvulotomy is aortic regurgitation.»8 The mur- 
. mur of aortic regurgitation was noted in 10 percent of 
E our patients before operation and in 80 percent after 
- operation. In 25 percent of all postoperative patients, 
E. the aortic regurgitation was thought to be moderate or 
severe. One patient with severe regurgitation died 
- suddenly; three required valve replacement, and a fur- 
.. ther three were awaiting valve replacement at the time 
. of review. This series deals with patients who were op- 
erated c on 6 to 16 years ago. Improved preoperative as- 
sessment of the valve and greater awareness of the po- 
tential hazard of aortic regurgitation have probably 
| . decreased the incidence of this complication over the 
` years. 
— Endocarditis: Two patients died of infective endo- 
E carditis and both had significant aortic regurgitation. 
_ The danger of endocarditis is always present in patients 
with aortic valve disease and is not related to its severity. 
_ A greater awareness of this serious complication and 
. careful prophylaxis during dental procedures and sur- 
. gery may decrease the incidence. 
Criteria for reoperation: The criteria for reopera- 
tion in patients who have previously had aortic valvu- 
. lotomy i is difficult to define. One third of our patients 
. had no major symptoms but were recommended for 
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valve AEN EAA of significant residual ste- 
nosis at cardiac catheterization or moderate to severe 
valve incompetence clinically, evidence of severe left 
ventricular hypertrophy i in the electrocardiogram and 
cardiomegaly in the chest roentgenogram. This large 
percentage of patients, all of whom have been regularly 


followed up medically, illustrates the difficult problem 


the younger person with a previous aortic valvulotomy 
presents to the cardiologist. Because of the danger of 
sudden death or irreversible myocardial damage and the 
good results of valve replacement we now recommend 
that reoperation in these patients not be deferred too 
long. In patients who have previously had aortic val- 
vulotomy the degree of residual stenosis is often difficult 
to estimate clinically and all patients should be re- 
catheterized within 1 year after operation and ap- 
proximately every 5 years thereafter unless earlier study 
is prompted by clinical events.* The failure of resolution 
of a preoperative pattern of left ventricular hypertrophy 
in the electrocardiogram should also suggest the pres- 
ence of significant aortic valve disease. 

Clinical implication: Our findings suggest that 
aortic valvulotomy should continue to be performed in 
preference to aortic valve replacement in children and 
young adults. The incidence rate of restenosis is low, and 
calcification causing further obstruction does not seem 
to occur until the 4th decade. Significant residual ste- 
nosis is common and moderate to severe aortic regur- 
gitation is frequently produced. After operation the. 
quality of life is good, and the annual mortality rate was 
only 0.5 percent in this series. This compares favorably 
with other reported annual mortality rates of 1.1 to 1.7 
percent in medical and surgical series of young patients 
with aortic stenosis.1?? The operative mortality rate 
of prosthetic valve replacement is low (about 5 per- 
cent),!^1^ and the incidence of complications such as 
embolism has decreased, but the difficulty of insertion 
of a valve in a small child and the long life expectancy 


preclude valve replacement as the definitive operation 


for congenital aortic valve stenosis in children. 
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Experience in managing 160 patients with tricuspid atresia is reviewed. 
The majority of these children require operative treatment in the 1st year 
of life. Clinical management of this rather complex anomaly is simplified 
by classifying each child according to total pulmonary blood flow. An 
overall plan of management for patients with decreased pulmonary flow 
is suggested. This consists of a Potts shunt as an initial procedure, limiting 
its anastomotic growth so that pulmonary flow becomes inadequate at | 
age 10 to 12 years. A Glenn anastomosis is then constructed as the second © 
procedure. The Fontan procedure should be considered carefully as an — 
alternative to the Glenn anastomosis in these older children. 

Children with increased pulmonary blood flow and transposition of the 
great arteries are likely to require pulmonary arterial banding in infancy. 
Otherwise, patients in this smaller group are managed with the same 
overall plan. Results of long-term palliation have been good. 
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The introduction by Fontan and Baudet! of a physiologic repair for | 
tricuspid atresia led us to review our experience in managing this un- . 


common form of congenital heart disease. Tricuspid atresia is a spectrum 
of malformations with four features in common, namely, atresia of the 
right atrioventricular (A-V) valve, interatrial communication, hyper- 
trophy of the left ventricle and hypoplasia or absence of the right ven- 
tricular sinus. Variation in pulmonary outflow tract obstruction and the 


relation of the great vessels produces a wide variety of clinical findings.? — 


Most infants with the tricuspid atresia complex need surgical inter- 
vention early in life. We have assessed our present palliative methods 
as to operative risk and long-term prognosis in the hope of using this 


information as a background to determine the timing of physiologic re- 


pair as proposed by Fontan and Baudet. 
General Data 


One hundred sixty patients with tricuspid atresia were seen at the Hospital 
for Sick Children between 1947 and July 1974. Analysis of the records of these 
patients forms the basis of this report. 

Classification of the types of tricuspid atresia according to the criteria of 
Keith et al.? is shown in Table I. Associated anomalies were not common in this 
group of patients; right aortic arch was present in only eight patients (5 percent) 
and bilateral superior vena cava in nine (5 percent). Clinical management is 
facilitated by a much simpler classification according to estimated total pul- 
monary blood flow. Eighty-five percent of our patients presented with decreased 
and 15 percent with increased pulmonary flow (Table II). 

Sex distribution was approximately equal; there were 76 male and 84 female 
patients. The follow-up period ranged from 6 months to 22 years. The overall 
results are illustrated in Table III. 

Details of management will be discussed according to the clinical classification 
of pulmonary blood flow at the initial examination. 
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. Group A: Decreased Pulmonary Blood Flow or 


-One hundred thirty-six children (85 percent of the 
. Series) presented with decreased pulmonary blood flow. 
—. Cyanosis was obvious in the 1st month of life in 92 
_ percent of these infants. The subgroup of 21 patients 
- with pulmonary atresia presented for treatment earlier 
. inlife and were in more critical condition than those 
_ with pulmonary stenosis (115 patients); all 21 were 
- hospitalized by age 6 months. 

.  Palliation of these infants begins with the diagnosis 


*i 
P 
Lu 













. at cardiac catheterization. Balloon atrial septostomy is 
_ performed to permit nonobstructed blood flow from the 
- right to the left atrium.* This procedure has been car- 
_ ried out in all infants since 1966. Only eight infants in 
. the entire series underwent operative atrial septectomy, 
. and each of these patients had a shunt performed at the 
. same time. 

_ Surgical intervention to augment pulmonary blood 
- flow is advised when the child has cyanotic spells, severe 
- hypoxia or acidosis. Twenty-three percent of our pa- 


— tients with decreased pulmonary blood flow were op- 








| Anatomic Classification of Tricuspid Atresia 


Relation of Great Vessels 





M Group | 

Pr (Normal Group II Group IIl 
A Relation) (D-TGV) (L-TGV) 

EN CUOTCOEN RUD n uem ME RC A E OA Rss 
(A (pulmonary 21 3 Subpulmonary 
Le atresia) stenosis 

. B (pulmonary 93 16 Subaortic 

. stenosis) stenosis 
B " 0 

_ € (no pulmonary 14 10 
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Bi, D-TGV = dextrotransposition of the great arteries; L-TGV = 
- levotransposition of the great arteries. 
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TAB LE Ill 
3 Tricuspid Atresia: Overall Results in 160 Patients to July 
1974 
















Patients 
no. % 
Current survivors 
. . 220 years old 5 
—... 10-20 years old 37 
|. €10 years old 28 
..— Total 70 44 
 Mortality* 
.. Nonoperative 32 
-.. Operative (in hospital) 44 
. Late 11 
Total 87 54 
- Lost to follow-up : 3 | 2 





C *Of the 87 deaths, 76 percent occurred in infants less than 1 year 





Ist yearoflife. — 
Early Results | 
Nonsurgical cases: Of the 136 children with de- 


creased pulmonary blood flow, 27 had no operative 
procedures. Twenty-one of these infants died before age 


6 months and five more died before age 2 years. One _ 


child is currently surviving with adequate pulmonary 
flow at age 16 months. This small group does not rep- 
resent the natural history or results of “medical” 
treatment of tricuspid atresia. Most of these patients 
were seen early in our experience, and the need for 
surgical intervention was often not recognized. In some 
cases, the diagnosis was not made until postmortem 
examination. However, this experience does suggest the 
lethal nature of the tricuspid atresia complex in the 
infant. 

Surgical results: The remaining 109 children with 


decreased pulmonary blood flow underwent operation. | 


The operative and hospital mortality was inversely re- 
lated to age (Tables IV and V). The very high risk group 











TABLE Il 
Clinical Classification of Tricuspid Atresia 
Patients 
(no.) % 
Group A (decreased pulmonary blood flow) 
1. Pulmonary stenosis 115 
2. Pulmonary atresia 21 
Total 136 85 
Group B (increased pulmonary blood flow) 24 15 
TABLE IV 


Tricuspid Atresia: Hospital Mortality with Decreased 

Pulmonary Blood Flow 

NOS CC ic tas ne) ae ee Rm d o 
Patients Patients. 


Procedure <6 Months Old >6 Months Old 
ÄT 


Potts 13 of 30 (43%) 3 of 19 (16%) 
Blalock-Taussig 7 of 14 (50%) 3 of 30 (10%) 
Glenn 2 of 4 1 of 26 (4%) 
Waterston 2 of 6 1 of 3 
Miscellaneous 6 of 7 1 of 6 ae 
Total 30 of 61 (50%) 9 of 84 (11%) . 
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TABLE V 
Mortality in Patients With Arterial-Pulmonary Shunt 





Mortality 
Patients Rate 
Age Group (no.) (%) 
<1 week 11 60 
1 week to 1 month | 142^ 50 
1 month to 6 months ap m 44 


>6 months 52 ISO 
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is less than 6 months old. One fourth of those undergo- 
ing palliative shunts were under age 1 month, and al- 
most half of this group were in the 1st week of life. Re- 
cently there has been some reduction of mortality in the 
infant group, but our operative mortality rate for Potts 
shunt in infants less than 6 months of age has been 33 
percent (5 of 15) over the past 9 years. 

In children older than 6 months, the operative mor- 
tality rate is much lower (for example, 13 percent for 
patients with an arteriopulmonary shunt and 4 percent 
for those with a cava-pulmonary anastomosis). Al- 
though these results may suggest that operation should 
be deferred until after age 6 months, this was not pos- 
sible in at least half of our patients who required 
shunting on an urgent basis. 


Late Results 


Late deaths: Seventy patients who had shunts to 
augment pulmonary blood flow were discharged from 
the hospital after operation and have been followed up 
for 6 months to 22 years (mean follow-up period 9.6 
years). 

There have been 11 late deaths in these 70 patients. 
One patient died at reoperation for increasing cyanosis 
10 years after the initial Potts shunt; one died of an 
unrelated cause (Ewing's sarcoma); four died of related 
causes (sepsis, pulmonary infarct [two patients] and 
pulmonary hypertension); and five other patients died 
of unknown causes. The single late death from pulmo- 
nary hypertension occurred 18 years after operation in 


TRICUSPID ATRESIA 
ACTUARIAL SURVIVAL 
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YEARS OF FOLLOW-UP 
FIGURE 1. Patient survival charted on an actuarial basis. Each group 
of patients has survived a single shunt procedure. Seven years after 
operation, 90.7 percent of these patients are alive; 25 percent are 
asymptomatic and 65 percent have mild limitation of exercise tolerance. 
There are no late deaths in the group with a Glenn shunt (16 patients 
followed up an average of 8.9 years). OPn = operation; Pts — patients. 
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a patient without transposition of the great arteries who 
underwent a Blalock-Taussig shunt at age 18 months. 
Pulmonary vascular disease has not been a late clinical 
problem although a definitive statement is not possible 
without hemodynamic follow-up studies. 

Repeat shunt procedure: Thirty-eight patients (38 
of 70) with a single shunt procedure are currently sur- 
viving an average of 9.6 years postoperatively (range 6 
months to 22 years). Twenty-one patients have required 
an additional shunt procedure an average of 6 years (1.5 
to 10.5 years) postoperatively (Table VI). Four of these 
patients have required more than two shunts for pal- 
liation. The mortality rate of those reoperated on has 
been low. 

Comparison of three shunt procedures: Figures 
1 and 2 compare the effective palliation of the three 


TABLE VI 


Tricuspid Atresia: Reoperation for Decreased Pulmonary 
Blood Flow in 21 Patients* 


D i € —— 


Reoperative Procedure no. 


Glenn 10 
Potts 9 
Blalock 7 
Waterston 2 
Miscellaneous 3 

Total 31 
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*There was 1 death in the 31 procedures (mortality rate of re- 
operation 3.1 percent). 


TRICUSPID ATRESIA 
ACTUARIAL "SHUNT SURVIVAL" 


100 
90 


80 





PERCENT 
SURVIVAL 50 - 
40 
AGE 
30 No AT MEAN 
of Pts. OPn FOLLOW-UP 
20 —_— POTTS 23  9Mo  85YRS 
-— GLENN 16 3^4YRS  89YRS 
10 ^ BLALOCK-TAUSSIG 25 2)2YRS 10.8YRS 
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| YEARS OF FOLLOW-UP 
FIGURE 2. “Shunt survival” indicated by the time that each group of 
patients survives before requiring a second shunt. Seven years post- 
operatively, 75 percent of the patients who underwent a Potts shunt as 
their initial procedure are still being maintained adequately compared 
with 81 percent of the patients with a Glenn anastomosis and only 50 
percent of those with a Blalock-Taussig shunt. Abbreviations as in 
Figure 1. 
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p: . groups of patients who survived either a Potts shunt, a 
- Glenn anastomosis or a Blalock-Taussig shunt as an 
. initial procedure. No deaths have occurred in the fol- 
low-up period in the 17 patients whose initial operation 
OW as a Glenn shunt. This was an ideal group to treat 
. becaus e they had survived the high risk of early infancy 
ap ime to operation at a mean age of 3.5 years. 
Long-term survival rates of the other two groups are not 
b. st. statistically different in spite of the younger age at op- 
E “eration in patients with a Potts shunt. 
_ Figure 2 illustrates the period of time during which 
3 “the initial shunt functions adequately to maintain the 
pé tient in reasonable health. The actuarial method has 
been used to calculate the period of adequate shunt 
| nction. Death of the patient, occlusion of the shunt 
5 y oF reoperation in spite of a functioning shunt have all 
; _ been counted as shunt failure. Seven years after initial 
rs operation, 75 percent of the patients with a Potts shunt 
_ are still being maintained adequately compared with 
81 percent of patients with a Glenn shunt and only 50 
; Brercent of those with a Blalock-Taussig shunt. 
3 m Functional status: At the time of follow-up, 25 
. percent of the survivors were asymptomatic and 65 
percent mildly symptomatic although able to walk 6 
| b locks and engage in mild sports activity. Ten percent 
vere severely restricted, becoming dyspneic with minor 
exertion. In two children brain abscesses developed 
| M ring the follow-up period. 


1 (Group B: Increased Pulmonary Blood Flow 


= Only 15 percent (24 patients) of the children with the 
— tricuspid atresia complex presented with clinical evi- 
E dence of increased pulmonary blood flow. Despite the 
Ay increased flow, 50 percent of these patients were cya- 
i. -notic at birth and all eventually became cyanotic. 
Congestive heart failure was a particularly common 


| ee great arteries, nine of whom were hospitalized for 
congestive heart failure in the 1st 3 months of life. 

i Conversely, infants with normally related great vessels 
^" usually presented with cyanosis (10 of 14 patients) 
B Euro nat later in life (mean age 9 months) (Table VII). 

‘Surgical results: Pulmonary arterial banding was 
arried out in six infants to control intractable conges- 
tive heart failure (Table VIII). Five of these infants had 
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Éiictipid Atresia: Presenting Symptoms With Increased 
Fi Pulmonary Blood Flow 
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| - presenting symptom i in patients with transposition of . 


ar es. The mean age at 
ng rrt to 5 1/2 years). 
deaths and two of the four 
ad a shunt (Glenn operation — 
3 and 10 years, es pectively, à after banding) with good 
results. The four survivors are now aged 3 1/2 to 10 1/2 
years (mean 6 years). 

Palliative shunting was necessary in five children 
when cyanosis became progressive (Table VIII). All of 
these children had normally related great arteries, a left 
aortic arch and pulmonary stenosis. The age at opera- - 
tion averaged 2 years 9 months (range 5 months to 4 
years). One of these children died at operation, the other 
four are doing well and are now aged 1 1/2 to 16 years 
(mean 8 years). 

In one patient total repair was attempted in 1957 but 
was unsuccessful. 3 

Nonsurgical patients: Ten patients with incredied AA 
pulmonary blood flow have been followed up without 
operation. Six of these children have died, four of con- 
gestive heart failure before age 3 months (three with 
transposition of the great arteries) and two of hypoxia 
at age 9 and 10 months, respectively. Of the four survi- - 
vors, two are well at the respective ages of 7 1/2 and 9 1/2 
years. One patient with transposition of the great ar- - 
teries has severe pulmonary vascular disease at age 14. 
years and one has been lost to further follow-up. 
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Discussion 


Without treatment two thirds of infants born with — 
tricuspid atresia die before their 1st birthday.? This — . 
natural history justifies an aggressive surgical approach. — . 

Palliative shunts for decreased pulmonary blood 
flow: Eighty-five percent of our 160 patients with tri- 
cuspid atresia presented with signs and symptoms of- 
decreased pulmonary blood flow. Most of these (66 
percent) required surgical palliation in the 1st year of 
life. Selection of the operation to augment pulmonary à 
blood flow depends upon the child's age. In infants less — 
than 6 months of age we have elected to use a Potts 
shunt. The mortality rate has been high in this age 
group regardless of the type of operation. In the infants, 
the Potts descending aorta to pulmonary artery anas- — 
tomosis offers a higher rate of technical success thana — 


> db 


TABLE VIII F r AE 








Tricuspid Atresia With Increased Pulmonary Blood Flow: re ORE 
Surgical Procedures xy tes 
c » LAN "l 

Total Current Ag — Bins a 

Patients Survivors (yr) E: TNI 

Pulmonary arterial 6 4*. 31/2-10 1/2 - ae 
banding (mean age 3 mo) sigs E " 
Palliative shunt (mean age 2 3/4 yr) 5 4 11/2-16 . det 
Coarctectomy 2 0 PNE 
No operation 10 T i | 54 
Total d DERE da^ 





“Two of the four patients had a subsequent Glenn opesation. 
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subclavian artery to pulmonary artery shunt. Our re- 
sults suggest that the Potts shunt also has a better 


—. long-term prognosis (Fig. 1). We have found it easier to 


construct and more predictable than a Waterston (as- 
cending aorta to right pulmonary artery) shunt. In 
children more than 2 years of age, we have used a su- 
perior vena cava to pulmonary artery shunt (Glenn 
anastomosis). The operative mortality rate has been low 
(4 percent) and there has been no late mortality. 
_ Long-term improvement is excellent for at least the first 
6 years postoperatively. Clinical deterioration appeared 
` to occur in our patients 6 to 8 years postoperatively 
(Table I), and has been observed by others.596 We be- 
lieve that it is due to the child's outgrowing his total 
pulmonary blood flow in spite of a functioning and 
growing cava-pulmonary anastomosis. In our series, the 
Blalock-Taussig shunt has been used primarily for 
J children requiring operation between 6 months and 2 
— years of age. The operative risk has been 10 percent in 
— these patients, and the long-term results have been less 
satisfactory than those of the Potts or Glenn shunt. For 
— example, the probability of a child being maintained 
. adequately by his initial procedure 7 years postopera- 
tively is 75 percent with a Potts, 81 percent with a Glenn 
and 50 percent with a Blalock-Taussig shunt. 
- Repeated or combined shunts: As it has evolved, 
our overall plan in the patients with tricuspid atresia has 
been to construct an aortopulmonary shunt initially and 


to preserve the side of the chest with the superior vena . 


-cava for a later Glenn anastomosis. Five percent of our 
_ patients have had bilateral superior vena cava and in 
this group an attempt has been made to ligate the 
smaller vena cava at the time of a systemic pulmonary 
arterial shunt. We do not have sufficient long-term data 
to analyze the results of combined surgical procedures. 
In the 21 patients reoperated on to date, there has been 
1 death in 31 procedures (3.2 percent mortality rate). 
It seems likely that the benefit from combining the 
procedures will be at least additive, in which case, the 
-infant surviving a Potts shunt and subsequently a Glenn 
‘shunt should have adequate palliation to early adult- 
hood. 

Surgical palliation for increased pulmonary 
blood flow: Relatively few patients (15 percent) with 
tricuspid atresia present with increased pulmonary 

- blood flow. Forty-two percent (10 of 24) of the patients 
in our series with increased flow had transposition of the 
great arteries. This is a considerably higher incidence 
rate of transposition than the 18 percent rate found in 

... the group with decreased pulmonary flow. Nine of the 
— 10 patients with transposition and increased pulmonary 


- . blood flow had intractable congestive heart failure in 


the 1st 3 months of life. In contrast, only 4 of the 14 
patients without transposition and increased pulmonary 
flow presented with failure. The usual presentation for 
this latter group was progressive cyanosis at a mean age 
of 9 months. 

. . Surgical palliation of tricuspid atresia with increased 
pulmonary blood flow and intractable congestive failure 

. . consists of banding the pulmonary artery in the Ist 3 
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months of life to protect the pulmonary vasculature. 3 : 
Children with increased pulmonary flow, tricuspid — — 
atresia and normally related great arteries will probably 


by age 9 months and require shunting at that time. This — 
was the course in 10 of our 14 patients in this category. _ 
The long-term prognosis of these patients who survive — 
initial palliation is probably similar to that of the larger 
group of children with decreased pulmonary blood flow. E 


Conclusions and Recommendations OA 


As a result of this experience and the recent work of — 
Fontan and Baudet! and others,’ our present policy in — 
managing children with tricuspid atresia is as follows: 

For children less than 10 years of age with increasing —.— 
cyanosis, we recommend an initial systemic arterial — 
shunt on the side contralateral to the superior vena cava. E 
A Potts shunt is the procedure of choice in the infant — 
less than 6 months of age. The anastomosis is loosely _ 
banded to limit its growth. At present we favor a cir- — 
cumference of 26 mm.’ This size of anastomosis should 
maintain a child to the age of 10 to 12 years. In children — 
more than 6 months of age, a Potts shunt with banding — 
of the anastomosis or a Blalock-Taussig shunt with — 
proximal arterioplasty? is recommended, again on the  : 
side contralateral to the superior vena cava. 4 

Children with increased pulmonary blood flow with ` 
intractable congestive heart failure require pulmonary 
arterial banding to control the heart failure and prevent 
pulmonary vascular disease. Most of these children have  - 
transposition of the great arteries and are less than 3 3 
months of age. a 

Children more than 10 years of age with increasing 
cyanosis should be carefully selected for either a Glenn — 
shunt or a Fontan procedure. Children of this age with — 
a right ventricular infundibular chamber and an ade- 
quate pulmonary valve without a previous arterial shunt — 
and normal pulmonary vascular resistance seem to be - 
ideal candidates for the Fontan procedure. 

Children with an inadequate main pulmonary artery, - 
valve and infundibulum and patients with a previous 
arterial shunt who have a pulmonary vascular resistance - 
greater than 4 units! should have a Glenn shunt. Pul- 
monary arterial size and pressure as well as pulmonary 
vascular resistance must be within acceptable limits for - 
the Glenn shunt.!!-!2 In those few patients who would . 
not tolerate a venous shunt, a second arterial shunt can 
be a satisfactory alternate procedure. A few patients will — 
fall between these limits, and more experience will be - 

necessary to assess the place of the Fontan operation. y 

A combination of a systemic arterial shunt to the left 
lung and a superior vena cava to right pulmonary artery _ 
shunt offers a balanced circulation and excellent pal- — 
liation into adult life. Comparison with the late results 
of the Fontan procedure will be of interest. í 
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NJ FENOGLIO, Jr, MD, MAJ, MC Cardiac rhabdomyomas are rare tumors of infancy. | 

t A MCALLISTER, Jr., MD, PA tients 78 percent were under 1 year of age, and only one pa 
age 15 years. Ninety percent of the rhabdomyoma: wW 
occurred with nearly equal frequency inthe right and 
though reportedly infrequent in the atria, rhabdomyo 1 
one or both atria in 30 percent of patients. In 50 percen 
one of the tumor masses was intracavitary and obstructe 
more of one of the cardiac chambers or valve orifices. : By 
to obstruction of intracardiac blood flow were present 
none of whom had tuberous sclerosis, and all of whom 
have been good surgical candidates. Histologically the 
were composed of classic “spider celis.” Electron micro 
revealed scattered bundles of myofibrils ringing these cell a 
toward the center; glycogen was present both free in the 
within mitochondria. Distinct intercellular junctions resembli 
discs with well defined desmosomes and nexuses were p 
of the cells contained leptofibrils, arranged either peripherally 
clusters in the center of the cell. Rhabdomyomas derive: 
muscle cells and appear to represent hamartomas rather than 


The cardiac rhabdomyoma was first described by von Reckli 
in 1862. In the ensuing years, more than 100 examples of this 
been reported, primarily in individual case reports. The p: 
features of cardiac rhabdomyomas have been. the subject o 
views.2-4 However, these reviews are based on collected p 
in which the accuracy of the original diagnoses could no! 
evaluated. In our experience a variety of tumors, as well as 
diseases of the heart, have been diagnosed as rhabdomyomas 
We therefore limited our review to unequivocal well doc 
of cardiac rhabdomyomas in the files of the Armed Force 
Pathology and did not attempt an exhaustive search of th 
Although other authors?-? have attempted to define the clin 
of the cardiac rhabdomyoma, the number of patients in. 
series is limited because of the relative rarity of the tumor 
m Department of Cardiovascular MN aspects of the histogenesis and clinical course of cardiac rha o 
Yed Forces Institute of Pathology, Washington, are yet to be defined. 
and the Section of Pathology, National Heart The material available at the Armed Forces Institute 
1g Institute, National institutes of Health, offered a unique opportunity to study a large number of we 
am ER UR pode. January 19, cardiac rhabdomyomas. The purposes of our study are (1) to d 
opinions or assertions contained herein are characteristics of the cardiac Eaa Linie: | with ligt ta d 
ws of maea and are not tobe Kè ec 


Gl © Only: cases. with adequate tissue from 
2 -chosen for inclusion in this study. Of the 
i » Teported as individual cases!" PE 
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The clinical records and necropsy reports were analyzed in 
each case. Sections of the heart were cut from the paraffin 
blocks or wet tissue and stained with hematoxylin eosin, the 
periodic acid-Schiff reaction and oil red O. Whenever the 
heart was available, additional sections were taken in a search 
for microscopic rhabdomyomas. The following histologic 
findings had to be present before the “tumor” was accepted 
as a rhabdomyoma: (1) “spider cells,” (2) identifiable cross 
striations, and (3) a positive periodic acid-Schiff stain. Criteria, 
to establish a clinical diagnosis of cardiac rhabdomyoma have 
not been formulated, although the frequent occurrence of 
these tumors in patients with tuberous sclerosis is well rec- 
ognized.?* 

In the absence of fresh tissue, electron microscopy was 
performed on tissue from seven hearts that were fixed and 
stored in 10 percent formalin for several years. The tissue 
blocks were rinsed with 0.1 molar phosphate buffer, pH 7.4, 
and then fixed with 2 percent glutaraldehyde in phosphate 
buffer, pH 7.4, for 2 hours. After rinsing with phosphate 
buffer, the blocks were postfixed with phosphate-buffered (pH 
7.4) 1 percent osmium tetroxide for 1 hour, dehydrated in 
graded alcohols and embedded in Epon 812. Ultrathin sections 
were cut on an LKB ultramicrotome. The grids were stained 
with uranyl acetate and lead citrate!? and examined with a 
JEOL 100B electron microscope. 


Results 
Clinical Features 


The clinical findings in the 36 patients are summa- 
rized in Table I. Seventy-eight percent (Cases 1 to 17 
and 24 to 34) were dead by age 1 year. However, 53 
percent of patients (Cases 1 to 14 and 24 to 28) were 
dead by age 1 week, and eight of these (Cases 1 to 8) ei- 
ther were stillborn or died in the 1st minutes of life. Only 
one patient (Case 23) was over age 10 years. There was 
approximately a 2:1 predominance of male over female 
patients (22 male versus 12 female patients); data con- 
cerning sex were not available for 2 patients (Cases 13 
and 33). Patients 21 and 22 were siblings. 





FIGURE 1. Case 4. Intracavitary rhabdomyoma causing both right 
ventricular inflow and outflow obstruction. This infant died minutes after 
birth. RA = right atrium; RV = right ventricle; TV = tricuspid valve. 
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Location of tumors: In attempting to establish 
clinicopathologic correlations, two factors were of par- 
ticular importance: whether the tumors were solitary 
or multiple, and whether they were intracavitary (Table 
II). Only three patients had solitary tumors; in Patients 
97 and 34 the tumors were located in the left ventricular 





FIGURE 2. Case 36. Photomicrographs. A, small rhabdomyoma beneath 
the endocardium of the left ventricle in a 9 year old child. The tumor has 
apparently interrupted a distal ramification of the left bundle (arrows), 
which on serial sections is in continuity with the His bundle. The child 
was admitted with ventricular fibrillation and died suddenly. B, small 
rhabdomyoma in the left ventricular free wall. The mass is circum- 
scribed but not encapsulated and appears to merge with the surrounding 
muscle (arrow). (Hematoxylin-eosin X56 [A] and X40 [B].) 
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patients (Cases 9, 12 and 16 to 19) (17.5 percent) and 
beneath the endocardium in 12 (Cases 4, 14, 16 to 18, 20 
to 23, 25, 33 and 36) (33 percent). Intracavitary rhab- 
domyomas with greater than 50 percent obliteration of 
one of the cardiac chambers (Fig. 1) or cardiac valve 
orifices were found in 18 patients (50 percent). The in- 
tracavitary tumors were singular in 14 of the 18 patients. 
Group I: On the basis of clinical findings, the 36 pa- 
tients were classified in three distinct groups. Patients 


remaining patients (92 percent) had multiple rhab- 
domyomas. Although the left ventricle was the most 
frequent location of the rhabdomyomas in our study 
(100 percent), the tumor nodules were also located in 
the right ventricle of 26 patients (81 percent). In 11 
patients (30 percent) rhabdomyomas involved the atria, 
the right atrium in 5, the left atrium in 3 and both atria 


TABLE II 


Necropsy Findings in 36 Patients with Cardiac Rhabdomyomas 
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Microscopic Features of 


Gross Anatomic Features of Tumor Nodules Tumor Nodules 





Cardiac 
Case Weight (g) Total Size Spider Cross 
no. (expected) Location no. (mm) Obst. Cells Str. Catt Fibr. EMH TS Other Findings 
Group | 
I eR BT ee a has CON EROR s 
1 5.9 (6.2) RV, LV, VS 6 1-2 0 + + 0 0 0 0 0 
2 10.5 (6.2) VS(IC) 3 5—24 MV,TV * + 5 0 0 0 0 
3 34 (23) RA(IC), LV 6 1—18 FO, TV + + 0 0 0 0 0 
4 35 (23) RV(IC); LV 8 2—10 RVC * + 0 0 0 -— 0 
5 145 (23) LA(IC), RV, LV 5 2—35 MV + + 0 + + -— 0 
6 — (23) RV(IC), LV(IC) 3 40 MV,TV + + + + + + 0 
7 31 (18) RA(IC), RV(IC), LV 6 3—30 TV + + 0 + + 0 0 
8 65 (14) RV, LV(IC) 5 2—40 LVC + + 0 + + + Annular pancreas. 
9 55 (18) RV, LV(IC) 6 3—28 LVC * * 0 + + -— 0 
10 — (18) RA,LV 6 1—5 0 + + 0 0 + 0 0 
11 16 (14) RV(IC), LV(IC) 5 2—22 MV + + 0 0 + 0 0 
12 — (21) LV 4 2—13 0 + + 0 0 0 + Angiolipomas 


et re ea a ee 
Group II 
Ask eg te ve SS 


13 — (23) RV,LV 8 1—3 0 + + 0 0 0 + 0 

14 — (23) RA, LA, RV, LV 12 2—10 0 * * 0 0 Perforated ileum, 
ureteral stric- 
ture 

15 28 (27) RV,LV 6 2—5 0 + + 0 0 0 0 Pneumococcal 
meningitis 

16 34 (31) RA, LA, RV, LV Num. 2—8 0 T + 0 0 0 + 

17 48 (45) RV, LV Num. 2—10 0 + + 0 0 0 + 0 

18 60 (49) LV 3 5—20 0 + + 0 0 0 + 0 

19 65 (50) RA, LA, RV, LV 20 1—5 0 + + 0 * 0 + 0 

20 70 (66) RV,LV 8 2—15 0 * * 0 * 0 * Angiomyolipomas 

21 85 (85) RV,LV 3 4—10 0 * + 0 0 0 * Angiomyolipomas 

22 95 (85) RV,LV 4 4—12 0 * * 0 * 0 * Renal hamartoma 

23 348 (312) RV,LV Num. 3—15 0 + + 0 0 0 0 


Group IlI 
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24 — (23) RV, LV(IC) 7 2—48 LVC + + 0 + + 0 Renal hamartoma 
25 17 (13) RV, LV 6 1—4 0 + + 0 0 0 -— 0 
26 64 (23) RV, VS, LV(IC) 10 2—30 LVC * + 0 * * 0 Renal cysts 
27 — (23) LV(IC) 1 15 MV * * 0 0 0 0 
28 24 (23) RA, RV(IC), LV 5 2—10 PV * * 0 0 0 0 Cleft palate, 
hypoplasia of 
mandible 
.- 29 46 (21) LV, VS(IC) 5 2—30 MV * 7 0 + + 0 0 
. 30 53 (21) RV, VS, LV(IC) 6 2—25 MV * * 0 0 0 — 0 
31 75 (21) LA(IC), LV 2 6—65 MV + + 0 0 0 0 ASD 
32 174 (31) RA, LV 4 2—15 0 * * 0 * * 0 EFE, ASD 
33 30 (40) RV, LA, LV(IC) 12 2—20 AoV * * 0 0 0 - 0 
34 48 (44) LV 1 4 0 * E: 0 0 0 0 Goiter, PDA, 
VSD, ICD 
35 73 (59) LV(IC), VS 1 30 LVC * * 0 0 0 0 0 
36 170 (115) LV,VS 6 3—15 0 + + 0 0 0 0 0 
0 = finding absent; + = finding present; — = information not available. 


ASD = atrial septal defect; AoV = aortic valve; Ca** = calcium deposits as shown by von Kossa stain; EFE = endocardial fibroelastosis; EMH = 


extramedullary hematopoiesis; Fibr. = fibrosis; FO = foramen ovale; IC = intracavitary; ICD = incomplete differentiation (dysplasia) of mitral 
. and tricuspid valves; LA = left atrium; LV = left ventricle; LVC = left ventricular cavity; MV = mitral valve; Num. = too numerous to count; 


_ Obst. = 50 percent obstruction of a valve orifice or cardiac chamber by tumor; PDA = patent ductus arteriosus; PV = pulmonaryvalve; RA = 


right atrium; RV = right ventricle; RVC = right ventricular cavity; Str. = striations; TS = tuberous sclerosis; TV = tricuspid valve; VS =wentricu- 


. lar septum; VSD = ventricular septal defect. 
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- strands of cytoplasm or adjacent to the cell 
. membrane. §Toluidine blue X500 [A] and 
. phosphotungstic acid-hematoxylin X1,320 


Group I (Cases 1 to 12) were stillborn or died within 


the Ist 24 


presented with respiratory distress. Seventy-five per- 
cent of the patients in Group I had an intracavitary 


- rhabdomyoma and presumably died as a result of ob- 


struction to intracardiac blood flow. Three patients died 
of other causes (Tables I and II) and either their con- 
dition was correctly diagnosed or they died before 


clinical findings could be assessed. Patients 6, 8 and 12 


had tuberous sclerosis. The brain was not examined in 
Patients 4, 5 and 9. The incidence rate of tuberous 


sclerosis in the Group I patients whose brain was ex- 
amined was 33 percent. 


Group II: This group consisted of 11 patients (Cases 
13 to 23), none of whom presented with clinical findings 


-referable to the heart, and only three of whom (Cases 


14, 18 and 22) had any clinical cardiac findings. All 11 
had multiple rhabdomyomas, but no intracavitary tu- 
mors were found in this group. Seventy-three percent 
of the patients had tuberous sclerosis. In Patients 14, 
15 and 23 the rhabdomyomas were incidental and 


completely unsuspected findings at necropsy. 


Group III: Thirteen patients (Cases 24 to 36) con- 
stituted Group III. All had significant clinical cardiac 
findings at the time of presentation. Nine patients (69 
percent) had an intracavitary rhabdomyoma that ap- 
peared to obstruct intracardiac blood flow; in two pa- 
tients (Cases 28 and 35) the diagnosis of a cardiac tumor 
was made before death on the basis of a systolic murmur 
of changing intensity. No other necropsy findings were 
present in these nine patients to explain the clinical 
signs and symptoms. Patients 25, 32, 34 and 36, had 
multiple rhabdomyomas, none of which were intra- 
cavitary; two (Cases 32 and 34) had congenital heart 


FIGURE 3. A, the classic cells of the rhab- 
domyoma have centrally placed cytoplasmic 
masses (CM) with eccentric nuclei (N) and 
strands of cytoplasm that extend to the pe- 
riphery of the cell, the so-called “spider cell.” 
B, at high magnification cross striations can 
usually be demonstrated in the radiating 


[B].) 
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.. the 1st 24 hours of life. Clinical information was frag- 
. . mentary in this group. Four patients (Cases 9 to 12) who 
. survived long enough for clinical data to be recorded 


with a severe respiratory distress syndrome. None of the ae 


the brain was not examined in Patients 24, 30 or 33. — 
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disease; a third patient (Case 25) was a premature infant ig 
patients in Group III had tuberous sclerosis, although ~ 


One patient (Case 36) in Group III presented with — 
syncope and episodic, eventually fatal, ventricular fi- . 4 
brillation. He had no cardiomegaly by chest roentgen- 
ogram and no evidence of congestive heart failure, cy- — 
anosis, cardiac murmur or dyspnea. At necropsy, mul- . 
tiple small intramural rhabdomyomas were noted. — 
Many of these were subendocardial and compressed the — 
fasciculi of the left bundle branch and distal subendo- — 
cardial Purkinje network (Fig. 2). vA ine oa 

Tuberous sclerosis: Eleven patients (Cases 6, 8, 12, 
13 and 16 to 24) in this series had tuberous sclerosis, an ` 


incidence rate of 31 percent, but in six patients the — 


í 


central nervous system was not examined. Thus, the - 
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incidence rate of tuberous sclerosis associated with — 
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rhabdomyomas in the total of 30 patients whose brain 
was examined was 37 percent. Examination of the br in-4 
in 13 of the 18 patients with intracavitary rhabdomyo- — 
mas disclosed tuberous sclerosis in two patients (15 - 
percent) (Cases 6 and 8). In contrast, of 17 patients with — 
solely intramural rhabdomyomas whose brain was ex- _ 
amined, 9 (53 percent) had tuberous sclerosis. To the — 
end of 1970, autopsy studies were performed in 40 pa- 
tients with tuberous sclerosis at this institution. Among 
these there were 12 patients with cardiac rhabdomyo-  : 
mas. Thus, the incidence rate of rhabdomyoma in these . 
patients with tuberous sclerosis is 30 percent, or ap- - 
proximately the same as the incidence rate (37 percent) - 
of tuberous sclerosis in our series of patients with car- . 
diac rhabdomyoma. E B 

Congenital anomalies: Five patients (14 percent). i : 
in our series had congenital anomalies. Two of these had p^ 


symptomatic cardiac anomalies, as previously men- - 


rt 
dio 


reale v T 


CORE CR REOR OM MIL i i l EI TATA ig co 
Sa "- n CA - LA : TM A ^ DW Fe 7 t ' A SO à but = 3 K E wa mE " 2 Le aO ~io ^ z 
Te PP ca TAS ooo eet 1976. The Amer 


h trally ced mass of f. inely nobis cyto- 
7 elongated projections and slender myofibrils 
: periphery (Fig. 3A); although rare, they were 


perip 


More frequently the nucleus was dis- 
hery of the cell and cross striations were 


cells. The cael appearance was mig of Ya = 


the seven tumors examined. The cytoplasm was. typically T 
concentrated around the periphery of the cell, and the center ~ 


of the cell contained only scattered glycogen granules ofthe . 
monoparticulate or 8 type. In one case more glycogen was 


preserved, and the centers of the cells were filled with particles - Ea 


of glycogen. The rim of cytoplasm against the cell membrane . 
contained only scattered mitochondria, myofibrils and nu- 
merous leptofibrils with a periodicity of 1,500 to 1,700 A. In- 
scattered cells there were central masses of cytoplasm that 
were connected to the periphery by strands of cytoplas: 
These central masses often contained complexes of leptofibrils 
in a whorled or ball-like configuration (Fig. 5), clusters of. 
fragmented sarcomeric units (Fig. 6), fragments of membranes- 
that probably were derived from mitochondria, and deposits 
of material resembling that in Z bands. The radiating strands 
of cytoplasm also contained leptofibrils, segments of sar- - 
comeres, scattered mitochondria and segments of dilated 
endoplasmic reticulum. The nuclei were ovoid, with peripl 
erally clumped chromatin, and were located either adjaci 

to the central masses of cytoplasm or peripherally against th 
cell membrane. The myofibrils were narrow, coursed paral 

to the plasma membranes, often showed branching, and wer. 
composed of normal-appearing thick and thin myofilament 
the fine structure of the Z bands was poorly preserved. Thet 
was no discernible relation of mitochondria to sarcomer 
leptofibrils. Scattered segments of endoplasmic reticulum 
were identified, but no T tubules were found. E 

The cells were joined to one another over long segments of 
their plasma membranes by junctions that resembled inte: 
calated discs (Fig. 7). The junctions had desmosomes, zonula 
adherens and undifferentiated segments; nexuses were also 
present but infrequent. 

Many of the cells contained accumulations of Z band- lik 
material (Fig. 6 and 7), often in apposition to the cell mem- 
brane. Intramitochondrial glycogen and calcium deposits free 
in the cytoplasm were also found (Fig. 8). | 

The stroma consisted of scattered bundles of collagen ani 
strands of long-spacing collagen with a periodicity of ap 
proximately 1,200 À. The strands of long-spacing collage 
were most frequently observed in apposition to the c 
membrane. Normal-appearing capillaries were foun 
throughout. 


Discussion 
Clinicopathologic Correlations 


Cardiac rhabdomyoma is almost exclusively atum 
of infancy and early childhood. In our series, 70 p 
of the patients were dead by the end of the Ist 
life, and 92 percent were dead by age 5 year 
patiente e Roe d past. 5 years of age a 


A incidence 
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. patients was an unexpected finding. Although intra- 


cavitary rhabdomyomas have been reported,®”!6 their 
‘significance has not been fully appreciated. Intracavi- 
_tary tumors were obviously the cause of death in seven 


of eight patients in Group I who either were stillborn or 
survived for only a few minutes after birth. In these 
patients the tumor filled at least 50 percent of one or 
more cardiac chambers and produced marked ob- 


FIGURE 5. A, central cytoplasmic 
mass containing disorganized fi- 
brillar material and a cluster of 
spiralled leptofibrils (arrows). B, 
high magnification of the leptofi- 
brils. These structures have a pe- 
riodicity of 1,600 A. (X7,500 [A] 
and 30,000 [B], both reduced by 21 
percent.) 


FIGURE 6. A, electron micrograph 
of a central cytoplasmic mass such 
as that shown in Figure 3. This mass 
contained small short rudimentary 
myofibrils (MF), clumps of Z band- 
like material (arrow) and disorga- 
nized membranous and fibrillar 
material. B, view at higher magni- 
fication of myofibrils in rhabdomy- 


thick and thin filaments (arrow). 
(X7,500 [A] and 30,000 [B], both 
reduced by 21 percent.) 





struction to blood flow. Although one or more of the - k 


cardiac valves were often displaced or deformed by — 
encroaching tumor mass, we did not find arhabdomy- _ 


oma that invaded and replaced or arose from a cardiac — 
valve. cube ^ M 

Nine of the 13 patients with cardiac symptoms 
(Group III) also had intracavitary rhabdomyomas with = 
partial obstruction to blood flow. The intracavitary _ 
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tumors appeared to be responsible for the clinical car- 
diac findings. Unfortunately, angiographic evidence of 
cavitary obstruction and documentation by cardiac 
catheterization of a marked hemodynamic gradient 
were obtained in only one patient. The findings in this 
patient simulated subaortic stenosis, an occurrence 
previously described in cardiac rhabdomyoma.!7:!8 
Three other patients had systolic murmurs of changing 








intensity, a finding suggestive of an intracavitary mass. 
The clinical cardiac, electrocardiographic and roent- 
genographic findings in these nine patients are not 
specific for cardiac rhabdomyoma. They are similar to 
the cardiac findings now well documented for cardiac 
myxoma!?.2 and probably result from an intracavitary 
mass. In our experience, however, any infant or child 
less than 5 years of age presenting with findings sug- 


FIGURE 7. Junctional structures in 
rhabdomyoma cells. A, the inter- 
cellular junction between two 
rhabdomyoma cells (arrows) is as- 
sociated with a thin layer of myo- 


highly magnified view of the nexus 
shown in A. Note the close ap- 
proximation of the leaflets of the 
plasma membrane, forming quin- 
tuple layered junction. C, intercel- 
lular junction (arrows) similar to, but 
more highly convoluted than that in 
A. Glycogen deposits (G) are seen 
in the cytoplasm of one of these 
cells, and the intramitochondrial 
glycogen (IG) is present in both 
cells. (X22,500 [A], 125,000 [B] 
and 15,000 [C], all reduced by 21 
percent.) 


FIGURE 8. A, high magnification of 
intramitochondrial glycogen de- 
posits (arrows). The deposits are in 
the intracristal compartment and 
are composed of monoparticulate 
glycogen. B, calcium deposits 
within the rhabdomyoma cells are 
free within the cytoplasm and do not 
appear to be associated either with 
mitochondria or membrane mate- 
rial. C, high magnification of the 
calcium deposits shown in B. Note 
the needle-like crystalline array of 
the deposits. (X57,000 [A], 6,500 
[B] and 78,000 [C], all reduced by 
21 percent.) 


z > 
4 qe wt? 4 2 3 met "1 a Wu ba n x iata hts -— 


filaments on each of its sides. B, 
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ry mass , probably 1 hasa t | 

iyxoma. We have seen onlyone 

of age (4 years old) with a cardiac 
ai d McAllister, unpublished ob- 


1e 1 patients with strictly intramural rhab- 
omas had congestive heart failure. This observa- 
s in accord with the concept that hemodynamic 
bst ction, rather than replacement of myocardium 
tumor, is the cause of findings suggestive of conges- 
ive. heart failure in patients with cardiac rhabdomyo- 
as.! 
Surgical resection: In five reported cases, cardiac 
habdomyomas were resected surgically with good re- 
1s.4182122 The rhabdomyomas were at least partially 
Y racavitary i in all five patients and produced symp- 
oms related to obstruction of intracardiac blood flow. 
"hese symptoms were relieved by: surgery. Two patients 
had multiple rhabdomyomas in the ventricular myo- 
‘dium, and in a third only the intracardiac portion of 
Yabdomyoma was resected. Anatomic data were 
ven for the other two patients. All patients did well 
operatively, and one patient was alive and well 2 
ostoperatively. 21 Adequate follow-up informa- 
vas not available in the remaining four patients. 
ugh one patient?! had a low mentality, there was 
idence of tuberous sclerosis in these five patients. 
least 25 percent of our patients (Cases 24, 26 to 31, 
ind 35) would appear to have been good surgical 
didates. All nine of these patients had clinical car- 
ac findings and intracavitary rhabdomyomas. Pre- 
umably they were symptomatic because of obstruction 
intracardiac blood flow by the rhabdomyoma. None 
f these patients had tuberous sclerosis. Although the 
abdomyomas were multiple in eight patients, we do 
t consider this to be a contraindication to surgical 
ief of intracavitary obstruction. 'This is suggested by 
limited surgical experience discussed earlier and by 
e fact that the capacity for growth of rhabdomyomas 
pears to be limited. We did not identify mitotic fig- 
es in any cardiac rhabdomyoma. We believe that, like 
ult cardiac muscle, rhabdomyoma cells lose the ability 
0 divide and grow only by increasing cell mass and size. 
'uberous sclerosis: The incidence rate of tuberous 
sclerosis has been reported as 50 percent or higher in 
jatients with rhabdomyomas.? After elimination of 
9atients whose brain was not examined, only 37 percent 
Xf our series had associated tuberous sclerosis. Many of 
our patients were stillborns or newborns, and although 
berous sclerosis has been diagnosed 1 in stillborn in- 
ants,?? establishing the diagnosis in this age group is 
icult. This may partially account for the lower in- 
ence rate in our series. We found, however, that tu- 
berous sclerosis is more frequent in patients with solely 
amural rhabdomyomas and in patients without 


ts with solely intramural rhab- 
rcent of patients in Group II. By 


nt of Group I and none of the 


he k lemonstration of an intracardiac mass in 


: a sympiomalie patient und a; 
suggestive of a- rhabdom: 
: ` whelming likelihood that thes 

- js probable that a single intrac 


responsible for the clinical s 
tient does not have tuberous scleros 
such patients are candidates fo 


Structural Aspects ot Cardiac F h 


Although only limited ultrastrüc 
could be made in this study, they 
sively that rhabdomyoma cells hi 
sarcomeres and specialized. intracellul 
are typical of cardiac muscle cells. A 
rhabdomyoma cells clearly differ f 
bers2425 and working myocardial ce 
consider rhabdomyomas abnorma 
these differentiated cell types. Th 
also not a localized form of glycogen. 
In glycogen storage disease with ce 
(types II, III and IV), the sarcomere 
pressed around the periphery of th 
cells? but these cells, although greatly d 
glycogen deposits, maintain their cylindric: 
have intercalated discs at their ends. Thu 
yation of a relatively normal cell shap pi 
glycogen-laden cardiac muscle cells in gl 
disease from rhabdomyoma cells. 
Cardiac rhabdomyoma cells resemb 
the sinoatrial node???! and normal cardias 
in that they have intercellular junctions ra 
ented along the periphery of the cells. ' 
P cells, unlike those of rhabdomyoma cells, li 
Cardiac myoblasts, both in vivo and in cultu: 
or stellate, thus differing from cardiac rha 
cells. Sarcomeres are absent from the mo: 
cardiac myoblasts (that i is, presumptive mye as 
are first recognized in myoblasts near the 
membranes in association with accumulat n 
terial resembling that in Z bands.??33 Altho g 
arrangement is similar to that in rhabdor nyoma 
the latter also have numerous leptofibrils. ^. 
The presence of large numbers of leptofibri 
though fascinating, offers no clue to the orig 
rhabdomyoma. Leptofibrils have been « 
Purkinje fibers and myocardial cells in ma 
species?493? and in skeletal?? and cardiac m 
(Ferrans, unpublished observations). The si : 
of these structures is unknown. 3 
Cardiac versus extracardiac rhabdomyo 


cell junctions, they are pao d | 
constituents ina s hep arr 


B abundant nose and per i 


of sarcomeres, not unlike cardiac rhabdomyoma 












naterial,?? and intranuclear 
lusions that resemble gly- 
ted in these tumors.194? All the 
| our series contained more 


















idle i rhabdomyomas. However, 
pi variation in the number ate sar- 




























“found: no T tubules in cardiac rhab- 
-preservation of ultrastructural detail 
her studies of this are needed. T tu- 
und in skeletal muscle rhabdomyo- 
ypes of adult cardiac muscle cells 
specialized conducting cells and many 
ls) in adult man and other mammals 
es. Furthermore, T tubules develop in 
muscle cells only after birth.*? Because of 
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and their intercellülár junctions randomly loc 
along their periphery. | : 
Hamartoma or true neoplasm? The preponderance 
of multiple as opposed to solitary cardiac rhabdomy: : 
mas and their most frequent occurrence in infants . 
suggests that the cardiac rhabdomyoma is a hamartoma ^ 
or malformation rather than a true neoplasm. The NR 
clinical behavior and the microscopic appearance of ` 
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activity occurs in normally differentiated human cardia 
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to have become dedifferentiated, as have many neo 
plastic cells, but rather to have differentiated in an 
aberrant pathway from cardiac myoblasts. We propose. - 
that cardiac rhabdomyomas are tumor-like malforma-.- 
tions that should be regarded as fetal hamartomas. .. 












































18. Shaher RM, Farina M, Alley R: Congenital. subaortic stenosi: 
infancy caused by rhabdomyoma of the left ventricle. J Thora 
Cardiovasc Surg 6863:157-163, 1972 p 

19. Harvey WP: Clinical aspects of cardiac tumors. Am J Can 
21:328-343, 1968 

20. Greenwood WF: Profile of atrial myxoma. Am J Cardiol 21 
367—375, 1968 a 

21. Taber RE, Lam CR: Diagnosis and surgical treatment of intracar 
diac myxoma and rhabdomyoma. J Thorac Cardiovasc Surg 40 
337-354, 1960 

22. Farooki ZQ, Hervry JG, Arciniegas E, et al: Ultrasonic pattern o 
ventricular rhabdomyoma in two infants. Am J Cardiol 34: paroa 
1974 | 

23. Thibauit JH, Manuelikis EE: Tuberous sclerosis in a premature 
infant: report of a case and review of the literature. Neurology 
20:139- 146, 1970 

24. James TN, Sherf L: Fine structure of the His bundle. Circulation 
44:9-28, 1971 | 

25. James TN, Sherf L, Urthaler F: Fine structure of the bund 
branches. Br Heart J 36:1-18, 1974 8 

26. Fawcett DW, McNutt NS: Ultrastructure of the cat myocardi um 
i. Ventricular papillary muscle. J Cell Biol 42:1—45, 1969 

27. Battig CG, Low FN: The ultrastructure of human cardiac musc 
and its associated tissue space. Am J Anat 108: 199-230, 1961 

28. Ehlers KH, Hagstrom JWC, Lucas DS, et al: Glycogen storag 
disease of the myocardium with obstruction to left ventricular 
outflow. Circulation 25:96-109, 1962 

29. Borbiuk JM, Legato MJ, Lovelace RE, et al: Pompe's. disea: 
electromyographic, electron microscopic and cardiovascula 
pects. Arch Neurol 23:113-119, 1970 . al 

30. James TN, Sherf L, Fine G, et al: Comparative ultrastři 
the sinus node in man and dog. Circulation 34: 13! 

31. Colborn GL, Carsey E: Electron microscopy 
of the squirrel monkey Saimiri scü 
525-536, 1972. ar | 

32.. Legato MJ: Ultrastructural darach el 

: grown in tissue culture with specia 
esis. J Mol Cell Cardiol a 2e- 














n Journal of CARDIOLOGY Volume 38 — č 


— 
pe 
ps i 


A 


B n : RO Rv 
= Tes AU i 2v ton s ad: 
E UAI Sie $ SANIES ER i $ n 


IV DE: 


SHEER GRE 


HEUS 


vu 


p 


VD, Pu 


A TAY UN v i ou ji 


kelspindein bei Mensch und Ratte. Z Ze | m 


:601-630, 1969 — ^ rch Otolaryngol 92:32-39 


Dim 
LES 


Ue 
y 


ie 


t Res 20 


vi z 
í 


erpi 


5 


3 
L4 


ge 


; EUR MA T Rer 
Fk d apii Lg VT yy a tien PE Peat 


Sh 


491 


| n R, Schild, 


B R, Schild JA: RI 


EIS 


25 


MER 
AUR 
ESI 

eae 


at it 
ACA 


2x 


A 


MA 


m 
P 


pangai 


m 


EY 
zs 


ut 


He 


MEG 


uc. 





Sá 3 


as 
jii Heke 2 ESAE d rA ^ i NR 

OE: BAN DM MIS PARED Red A uer euh 

E Ex eas $ ARMS RU RE 


A family is described in which the mother and three ots seven children on had 
atrial myxoma. The mother had biatrial i myxoma; surgical reatment e- 
sulted in massive intraoperative embolization and death. Surgery was 
successful in two sons with left atrial myxoma. and ‘systemic. arte 
embolization. A third son had calcified right atrial myxoma with destruct 

of the tricuspid valve and episodes of ‘syncope and pulmonary emboli: 
surgery, including valve replacement, was successful. The mother's fati 
and a brother had died suddenly without a definite diagnosis. The family 
data are consistent with dominant transmission. 1 The possibi ility of finding 
affected relatives should be borne in mind when studying patiente with 
atrial myxoma. 


Primary tumors of the heart are rare. More than half of them are emy 
omas, which are encountered in about 0.01/1,000 autopsies.! Original 
described in 1845 by King? the condition was first diagnosed during lif 
in 1952 by Goldberg et al.? using angiography. Bahnson and Newman* 
and Crafoord? were the first to report successful surgical removal c 
respectively, a right and left atrial myxoma. Since then the diagnosis of 
cardiac myxoma in a living person has become less rare. Recently 
cases of cardiac myxoma in siblings? were described. "This repoi 
scribes a family in which the mother and three of seven children ii 
operated on for atrial myxoma. is 
Case Histories. 

. Case 1: A.E.K., a farmer's wife born in 1931, had had six dreig betwee 
1949 and 1959 with one pair of twins. Asa child she had been healthy, but at ag 
19 years she began to have brief attacks of unconsciousness. Secondary. epileps 
was diagnosed, and the condition was controlled with conventional drug thera) 

In 1959 the erythrocyte sedimentation rate was 50 mm in 1 hour without.a 
obvious cause. In February 1963 she had a disease with fever, vague arthralg 
faint early diastolic heart murmur and mild cardiomegaly. The antistrey 


titer was slightly increased. The symptoms persisted for many weeks. deep ; 
intensive antibiotic therapy. On ee admission the erythrocyte ir dir 


1964 the patient’ s exertional WE naaa and ps was sent to the 
versity Central Hospital in Helsinki for further examinations. ^ 
Pd | On physical examination, she appeared to be a pale asthenic woman in po 
ledical Department, the Pediatric general condition. She had moderately severe dyspnea, elevated jugula 
rtment of. Thoracic pressure, slightly enlarged liver and a heaving parasternal i impulse. A low-pi 
ral Ho i Helsinki, rumbling diastolic and presystolie murmur of grade 2/6 intensity cot 
2 at the apex. The electrocardiogram revealed. right atrial overload 
abnormality. On X-ray examination, the heart was only slight 
the left atrium and right ventricle were pt 
closed definitely increased venous s engorgeme 
D. | 
c “On right heart Caihetoriabe 
Hg and increased pulmonary wedg 
Tumanay angiography Teens 
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Serum protein studies revealed a reduced albumin/globulin 
ratio. These findings led to the diagnosis of left atrial myxoma 
with obstruction of the mitral orifice, systemic reaction and 
probable cerebral embolism 14 years earlier. 

At operation, performed with cardiopulmonary bypass, 
cardiac arrest occurred before the start of the perfusion. Heart 
massage and direct current electric shock were applied suc- 
cessfully and the operation was continued. Right atriotomy 
exposed a myxoma attached by a slender stalk to the rim of 
the fossa ovalis; the preparation weighed 7 g. When this tumor 
was resected with a portion of the interatrial septum, a large 
pedunculated myxoma (39 g) was seen in the left atrial cavity. 
This tumor was also excised and a tumor embolus removed 
from the left femoral artery. The patient died on the 1st 
postoperative day without regaining consciousness. At nec- 
ropsy, multiple tumor emboli in several organs were found. 


Case 2: T.T.K., son of A.E.K., was born in 1956. During the 
winter of 1968, although previously healthy, he felt temporary 
numbness in the lower limbs and a slight cramp in the calf 
after leg exercise. In March 1968 he experienced sudden in- 
tense pain in the left leg, which became cold and painful; no 
arterial pulsation could be felt. An operation was performed 
at the local hospital and a large embolus consisting of loose 
myxomatous tissue was removed from the left femoral artery 
as were smaller similar emboli from the left popliteal artery 
and its branches. The following day two toes on the right foot 
became blue and painful, and a rise in the serum creatinine 
level suggested renal involvement. The erythrocyte sedi- 
mentation rate was accelerated and serum electrophoresis 
revealed a reduced albumin/globulin ratio. Histologic exam- 
ination confirmed the suspicion of cardiac myxoma, and the 
patient was sent to the University Central Hospital in Helsinki 
for heart surgery. 

On physical examination, the auscultatory findings were 
normal. The electrocardiogram revealed signs of mild left 
atrial overload. On X-ray examination the heart was slightly 
enlarged and the left atrium and the right ventricle were 
prominent. Right heart catheterization revealed normal 
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FIGURE 1. Ease 1. Chest roentgenogram documenting the transient 
disparity ‘of pulmonary venous engorgement due to left atrial myxoma. 
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findings. Pulmonary angiography disclosed a large filling 
defect that moved from the left atrium to the left ventricle 
during each diastole. 


Open heart surgery was performed 4 days after admission 


and a left atrial myxoma weighing 35 g was resected. The 
postoperative course was uneventful. Later the two toes of the 
right foot had to be amputated and the left leg needed skin 
transplantation. The boy returned to school 3 months after 
the operation and he is at present asymptomatic except for 
slight stiffness of the left ankle. Chromosomal analysis re- 
vealed a normal karyotype. 


Case 3: A.A.K., the eldest son of A.E.K., was born in 1949. 


At age 16 years, he had an acute disease with fever, cough and | 
pain in the left axilla; the erythrocyte sedimentation rate was 


more than 100 mm in 1 hour. He was admitted to the local | 


hospital, where a roentgenogram revealed a small amount of - 
fluid in the left pleural cavity. The electrocardiogram was - 


initially normal but within a few weeks showed T wave in- 
versions and increased R wave amplitude in the right pre- 
cordial leads. A loud gallop was intermittently audible. A faint 
transient diastolic murmur later aroused suspicion of mitral 


stenosis. The patient also had recurrent attacks of uncon- . 
sciousness. Serum electrophoresis revealed increased alpha . 


2. beta and gammaglobulins and a reduced albumin/globulin 
ratio. Because acid-fast bacilli were detected with use of gas- 
tric lavage, antituberculous therapy was started. The symp- 
toms, including the high erythrocyte sedimentation rate, 
disappeared within 3 months. 
During the following 2 years the patient had progressive 


` fatigue and palpitations. A loud midsystolic murmur due to 





FIGURE 2. Case 3. Cinefluoroscopic pictures showing the movements 
of the calcified atrial myxoma from the right atrium to the right ventricle. 
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into the large tricuspid orifice and enlarged right ventricular cavity during 


— diastole, recorded in two slightly different projections. ALMV = anterior 
. leaflet of mitral valve; ALTV, PLTV = anterior and posterior leaflet of 
— tricuspid valve, respectively; IVS = interventricular septum; M = 
|» myxoma. 


_ tricuspid regurgitation was now audible at the mid-sternum. 


When his younger brother was operated on for cardiac myx- 


- oma, suspicion arose that the patient's symptoms could be due 
_ to the same condition. 


On admission to the University Central Hospital in Hel- 


_ sinki, physical examination revealed elevated jugular venous 


pressure with a systolic venous pulse, strong left parasternal 


impulse and a typical grade 3/6 tricuspid systolic murmur 
- accompanied intermittently by a tricuspid inflow murmur and 


a loud third sound gallop. The electrocardiogram revealed 


right and left atrial and right ventricular overload. The heart 


was moderately enlarged on X-ray examination, and the right 
atrium and ventricle were prominent. On fluoroscopy a cal- 
cified tumor was seen moving between the right atrium and 


à . ventricle (Fig. 2). Echocardiography revealed a dense mass 


filling the large tricuspid orifice and enlarged right ventricular 


— cavity during diastole (Fig. 3). As a safety precaution, right 


heart catheterization studies were limited to pressure mea- 
surements in the right atrium, where a completely ventricu- 
larized curve with a mean pressure of 10 mm Hg was found. 


Injection of contrast medium into the superior vena cava 


. visualized a filling defect in the right atrial cavity. 


Operation was performed under circulatory bypass and a 
calcified myxoma the size of a pingpong ball (about 30 g) was 
found in the right atrium. It was attached to the rim of the 


— fossa ovalis by a pedicle 0.5 by 1 cm thick and swung freely to 
— and fro in the tricuspid ostium. The septal and posterior cusps 
— ofthe valve were destroyed. The tumor was removed together 
- with a flap of the septum. The remnants of the tricuspid valve 
- were resected and replaced with a Cutter-Smeloff valve. 


Postoperatively, the patient had complete atrioventricular 


— block and was unconscious for a week. A permanent pace- 


maker was implanted. He gradually recovered and is now al- 
most free from cardiac and neurologic symptoms. Chromo- 
somal analysis revealed a normal karyotype. 


Case 4: A.J.K., son of A.E.K., was born in 1955. At age 10 
years bronchiectasis of the left lung was found. The erythro- 
cyte sedimentation rate was continuously slightly elevated and 


this finding was attributed to the lung disease. In 1968, when 


his younger brother (Case 2) was operated on for cardiac 
myxoma, the patient was also referred for examination. Right 
heart catheterization and pulmonary angiography revealed 
normal findings. On follow-up there was a gradual rise in the 
erythrocyte sedimentation rate and increase in the right 
ventricular forces in the electrocardiogram. In November 1973 
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the patient was sent to the University Central Hospital in 
Helsinki for surgical treatment of the bronchiectasiae. During 
the train journey a right-sided hemiplegia with aphasia sud- 
denly developed. 

On admission, grade 2/6 low pitched diastolic and presys- 
tolic murmurs were heard at the apex, and a left parasternal 
impulse was felt. The heart size on X-ray examination was 
normal with slight prominence of the left atrium and right 
ventricle. Right heart catheterization revealed normal find- 
ings. Pulmonary angiography disclosed a filling defect in the 
left atrium and, after injection of contrast medium into the 
superior vena cava, a filling defect in the right atrium was 
suspected. On echocardiography a left atrial tumor was visible 
but the right atrium and ventricle were normal. The eryth- 
rocyte sedimentation rate was 49 mm in 1 hour and the serum 
albumin/globulin ratio was reduced. 

During open heart surgery, the right atrium was found to 
be free of tumor tissue, but a myxoma weighing 25 g was re- 
sected from the left atrium. The postoperative course was 
uneventful. The neurologic symptoms have gradually de- 
creased, and the patient is now fully active. 


Discussion 
Clinical Features 


The clinical findings in these cases were generally the 
same as those described in several case reports and re- 
views.9-1! The course of the disease was variable and 
often confusing. Some special clinical features shall be 
mentioned. 

Embolization: If the myxoma is biatrial, the disease 
has a more malignant course, and both systemic and 
pulmonary embolization can occur.!?-14 In the mother 
(Case 1), the severe systemic reactions were propor- 
tional to the large amount of tumor tissue. However, 
there was no evidence of embolism before the final 
massive embolization occurred during the resuscitation 
procedure. This finding might be interpreted as evi- 
dence for the hypothesis that the systemic signs are 
autoimmune reactions to the tumor tissue or due to 
necrosis of the myxoma.!?-!? The accelerated erythro- 
cyte sedimentation rate has also been regarded as a 
consequence of embolization.? In effect, Patient 3 had 
a high erythrocyte sedimentation rate at the time of the 
pulmonary disease, probably as a result of embolization, 
and a normal sedimentation rate preoperatively at the 
time when tricuspid regurgitation due to valve de- 
struction had occurred. Thus, there is evidence 
suggesting that both mechanisms may be involved in the 
genesis of the systemic reactions. 

Syncope: Before operation Patient 3 had syncopal 
attacks, which did not recur postoperatively. In a pre- 
viously reported case of right atrial myxoma with similar 
symptoms,!? no evidence of peripheral embolization was 
found at autopsy and the cause of the attacks remained 
obscure. There is experimental evidence!? that even 
large tumors can pass freely from the left atrium to the 
left ventricle without causing obstruction. Because the 
tricuspid valve ostium is normally larger than the mitral 
valve ostium, it is not probable that the syncopal attacks 
could have been caused by temporary obstruction of 
inflow through the tricuspid ostium. In Case 3 the 
movements of the calcified myxoma were Wisible on 
fluoroscopy—a phenomenon earlier described tn cases 
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urgical trauma to the conductive tissue seemed 
bable in this cape. os 

alr nonary venous ‘engorgement: In addition to 

| r odic disparity in the pul- 

nary venous is engorgemer nt is a useful sign; it was 


und in 2 of 14 consecutive roentgenograms in our Case 
"hi frequent roentgenograms are needed to detect 
gn in. cases of suspected | left. atrial myoma 


io graphy has proved a visefüt diagnostic tool 
myxoma.?9 It is considered less useful when 
right atrial, and only one case of echo- 
diagnosis of this condition has been re- 
‘Cases 3 and 4. (Fig. 3), echocardiogra- 

h either a positive o ora ene result 


ormal 5 years before the left atrial tumor 

isualized in a new examination. One previous re- 

i described recurrence of a myxoma 17 months 
r its complete removal. In another,” pulmonary 
giog rams were normal 2 years before the tumor was 
agnosed. In cases in which cardiac myxoma is sus- 
€ ed but angiograms are normal, echocardiography 
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sided tumors. being three times more 
right-sided tumors. The tumor is suppo 
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adult life. It is possible that a dist 
development in this area. could form 


myxomatous growth. 


In three of our four patients. mino 
different organs were also found (doub 
dylolisthesis and radiologic evidence for 
of tibia and femur, each in a diff 
conclusions can be drawn from this. 

a previously reported case? radiolo 
ilar bone lesions were found. : 


Genetic Transmission 


Environmental. factors could exple 
occurrence of the. disease (for examp 
common to the affected family mem 
dence of a viral origin of cardiac myxo 
suggested in a recent report.?? In our cas 
time relations of the initiation of th 
different. patients argue against. the E 





cie " had died of “heart 
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m were due to a single gene, it would 
familial occurrence. Yet the family 
ne third reported such agglomeration. 
owever, the correct diagnosis of cardiac 
ing patient has been exceptional, and 
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ives. Affected persons may also die or 
toms before having children, which 
familial occurrence in dominant 


'ardiac myxomas occurred in two 
ations, namely, in a mother and three 
his is strongly suggestive of dominant 
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This report describes the diagnosis and surgical treatment 
old patient with congenital right pulmonary arterial ostial ste 
or extracardiac shunts and systemic levels of pressure 
left pulmonary artery with pulmonary vascular obstruc 
Operation consisted of a bypass graft of 10 mm wov: 
main pulmonary artery to the distal right pulmonary arte 
immediate 50 percent reduction in mean left pulmonary 
Late postoperative evaluation revealed equal perfus 
maintenance of the reduced pulmonary arterial pressure 
from New York Heart Association functional class IV to 


Congenital stenosis of the origin of one or both princip 
pulmonary arterial system has been reported only in 
usually accompanied by other malformations of the F 
vessels. The patient to be described demonstrated conge 
of the origin of the right pulmonary artery with severe pulmo 
pertension and pulmonary vascular obstruction in the lef 
underwent successful surgical treatment of this unusua {esio 
Case Report | 

A 48 year old woman was admitted to her local hospital for severe dyspne 
had progressed in the preceding five years. During the previous y 
dition had deteriorated until she was bedridden and in New 
ciation functional class IV. mM | TÉ 

Her previous medical history was essentially normal and. 
hospitalizations except for childbirth. She had been told she had a 
when she was a child but there was no history of rheumatic 
phlebitis. She had a been a heavy cigarette smoker. = 


Physical examination disclosed moderate cyanosis and clu 
fingernails. The lungs were clear. The jugular venous pressure was 
there was a marked right ventricular impulse. The first heart so 
and was followed by an ejection click, the latter initiating a grad: 
ejection murmur in the pulmonary area. The second heart sound 
split and the pulmonary component was markedly accentuatec 
pressure was 140/90 mm Hg, all peripheral arterial pulsations were 
limits and there was no evidence of thrombophlebitis. — © = 

Chest roentgenogram and fluoroscopy revealed that the hear! 

The main left pulmonar 


right ver 
referrec 
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- PULMONARY ARTERIAL STENOSIS—COHN ET AL. 


Right heart catheterization and pulmonary arterial an- 
giography were performed. The main and left pulmonary 
arterial pressures were 160/60 mm Hg (mean 125), the right 
pulmonary artery could not be entered, the right ventricular 
pressure was 160/6 and the right atrial pressure 6 mm Hg. The 
pulmonary arterial angiogram demonstrated a 95 percent 
stenosis of the right branch at its takeoff from the main pul- 
monary artery (Fig. 3A). Flow through the small right pul- 
monary artery to the right lung was severely reduced, but an 
appropriate number of peripheral pulmonary vessels in the 
right lung parenchyma was seen. 

Surgical treatment: Operation was advised to decompress 
the severe left-sided pulmonary arterial hypertension and 
reestablish flow to the right-sided pulmonary circulation. 
Operative findings were massively enlarged main and left 
pulmonary arteries, severe right ventricular hypertrophy and 
a soft, thin-walled but normal-sized right pulmonary artery 





FIGURE 1. Posteroanterior chest roentgenogram. Note the oligemia 
of the right lung. 
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without intraluminal masses or thrills. After institution of 
total cardiopulmonary bypass, the aorta was retracted me- 
dially and the superior vena cava laterally to facilitate com- 
plete dissection of the right pulmonary artery beyond the first 
lobar branch. Before bypass, pressure in the distal right pul- 
monary artery was 20/15 mm Hg (mean 18) (Table I). Blood 
flow in the right pulmonary artery appeared to be entirely 
retrograde from the bronchial circulation. 

A main pulmonary artery-right pulmonary artery bypass 
was then accomplished with a 10 mm woven Dacron® graft. 
The distal end to side anastomosis to the right pulmonary 
artery was performed first using running 5-0 Prolene®; the 
graft was brought anterior to the aorta and anastomosed end 
to side to the dilated main pulmonary artery. Biopsy of the 
main pulmonary arterial wall demonstrated marked thick- 
ening and atherosclerotic changes in the intima and media. 

The patient was weaned off cardiopulmonary bypass 
without difficulty. Pressure measurements (Table I) off car- 
diopulmonary bypass showed an immediate decrease in the 
main pulmonary arterial pressure and a 10 mm Hg pressure 
stepdown from the main to the right pulmonary artery. Right 
and left lung biopsies were performed after the heparin was 
neutralized; the left lung showed hypertensive pulmonary 


TABLE I 


Pulmonary and Systemic Arterial Pressure Measurements 
(mm Hg) Before and After Main to Right Pulmonary Artery 
Bypass Graft 


Main Right 
Brachial Pulmonary Pulmonary 
Artery Artery Artery 





Preoperative 160/130 (140) 160/60 (90) 


Before cardiopulmonary 120/80 (90) 120/50 (70) 20/15 (18) 
bypass 
1 hour after cardio- 110/80 (75) 60/40 (55) 50/35 (40) 
pulmonary bypass 
5 days postoperatively 120/70 (80) 60/35 (40) 
50/20 (35) 


8 months postoperatively 130/70 (85) 


Figures in parentheses indicate mean pressures. 





FIGURE 2. Xenon-133 ventilation-perfusion posterior lung scans. A, preoperative. There is only faint opacification of the right lung. B, postoperative. 


. There is equal opacification of the right and left lungs. 
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Postoperative course: Endotracheal Guiubeliod was 
maintained until the 3rd postoperative day because of a per- 
sistent reduction in arterial saturation that gradually in- 
creased with positive pressure respiration and diuretic ther- 
apy. Pressure in the main pulmonary artery on the fifth 
postoperative day was 50 percent of the simultaneously 
measured systemic pressure (Table I). 

The patient was discharged on her 14th postoperative day 
and did well in the follow-up period of 8 months. She noted 
relief of cyanosis and considerably more energy so that she was 
now in functional class I. A postoperative ventilation-perfu- 
sion scan showed equal perfusion of both lungs (Fig. 2B). 
Recatheterization 8 months postoperatively revealed that 
pressure was 50/2 mm Hg (mean 35) in the main pulmonary 
artery, 50/4 in the right ventricle and 4 (mean) in the right 
atrium; systemic pressure was 130/70 mm Hg (mean 85). 
Angiography demonstrated the patent prosthetic bypass graft 
from the main to the right pulmonary artery with excellent 
runoff in the right pulmonary vasculature (Fig. 3B). 





FIGURE 3. Pulhondiyn sí terial aon A, anirai. There Bi massive dilatation of the main (MPA) and left (LPA) arena arteries anda 
95 percent stenosis at the origin of the right pulmonary artery (RPA). B, postoperative. There is a patent graft from the main to the distal right pulmonary — 


artery with perfusion of the right lung. 





FIGURE'4. Polonio of lung idasi specimen. A, right lung, showing a normal soont üriedole B, left ft lung, Md inedia petet. 4 
of a pulmonary arteriole. {Hematoxylin/eosin X 400 [A] and X 100 [B], reduced by 49 percent.) | i 
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| Discussion 


Congenital stenosis of the peripheral branches of the - 
pulmonary arterial tree has generally been associated - 
with intracardiac shunts, the tetralogy of Fallot, and . 

other congenital malformations.?-? Less common is the — 
syndrome of multiple peripheral pulmonary arterial . 
stenosis? and only rarely described is stenosis of the J 
right or left main pulmonary artery without associated - f 
abnormalities.” a 

Peripheral pulmonary arterial stenosis was first de- 3 
scribed pathologically by Oppenheimer!? in 1938 and . D 
clinically by Moeller!! in 1953 after angiography became 
available. This is an unusual condition; Delaney and - 
Nadas!? found only 4 patients with this diagnosisin — 
3,250 patients undergoing right heart catheterization, E 
whereas Weinberg et al.* found only 39i in 2,000 sucha 2 
patients. ; 

Incidence of contralateral pulmonary hyper- i 
tension: In our patient, the contralateral (left) lung | 
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dup Severe Ea. Mah geras: in 
death occur within the Ist year of life 
tients who have no right pulmonary 
sence of the left pulmonary artery does 

; in pulmonary hypertension in the 
artery.!^ The reported experimental 
vations and the clinical data in our 
elate to the larger volume of the right 

t) versus the left lung (45 percent)!? so 
monary vascular volume has less ca- 


al.16 found no significant increase in 
ulmonary arterial pressure in children 
| pulmonary stenosis followed up for 4 
ever, no child in their study was more 
age and the follow-up period was rela- 
irtmann et al. suggested that since the 
ed to be benign, surgical treatment was 
idicated. The data in our patient, who 
e 48 years, and the experimental and 
tions of Pool et al.!4 suggest otherwise. 
ascular obstructive changes i in our patient 
he changes seen in patients with long- 
septal defect.!" 


as in our t patient, ori 

Single branch stenosis has 'eated i 
tetralogy of Fallot by dilatation® or caval- pulmonā 
anastomosis, and multiple peripheral stenosis by. sa- 
phenous vein patch angioplasties.?? One previous rë- 
port! describes an adult patient with right pulmonary 
arterial stenosis and agenesis of the left pulmonary ar- 
tery treated with a Teflon? bypass graft from the main 
pulmonary artery to the distal right pulmonary artery. 
The technique used was similar to that used in our pa- 
tient. This patient later had pulmonary hypertension 
in the right lung. A synthetic graft bypass for this cen 


tral obstruction offers an advantage over angioplasty, 


but angioplasty is the most. appropriate technique fo 
correction of multiple peripheral stenoses. ^ = 

This use of main pulmonary artery to right pülinó- i 
nary artery bypass to relieve severe pulmonary hyper- 
tension in a patient with unilateral major pulmonary 
arterial stenosis and contralateral pulmonary arteria 
hypertension is apparently unique. Whether pulmonary 
hypertension will appear in the reperfused lung is u 
certain although the maintenance of the low althou 
not normal level of pressure in the main pulmonar 
artery, documented by cardiac catheterization stu 
8 months postoperatively, and the excellent runof 
the right lung are encouraging. | | 
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A 6 year old boy with a large atrial septal. defect partia 


monay venous orana and — anomalous 
a ges slosure of 


after operation revealed a normal heart with no pes cile 
saturation was normal. The child has continued to do well 
operation. 


Abnormal drainage of the inferior vena cava into the le 
occur rarely as an isolated congenital anomaly, '-* 1 i nid 
atrial septal defect? or be seen with other venous drainage 
ties." More often, it is a complication of operative repair 
cundum atrial septal defect.8-!2 We describe here a 6 year ole 


: » 


an atrial defect that masked the abnormal drainage o ol the 
cava into the left atrium. Not un of tt 
anomalous inferior vena caval drana appreciated, 
nally rerouted. 


Case Report 


The patient, a white boy born on June 22, 1965, was s first no: 
murmur at age 3 weeks. Transient cyanosis was note in infanc 
and crying, but growth and development were normal. Atage 
experiencing an upper respiratory infection, the child had an 
alized cyanosis that lasted several hours. He was subsequent] , 
other hospital for cardiac catheterization. Physical examina 
revealed no cyanosis or clubbing. A right ventricular impulse 
lower left sternal border. A systolic thrill and a grade 4/6 systo 

were noted at the pulmonary area. The second hea r sound 
- The hematocrit was 42 percent. The chest roentge | 
- cardiac enlargement with increased. pulmonary Vase ubirity 
gram revealed a mean QRS axis of +150° with tall R waves in the rig 
leads consistent with right ventricular hypertrophy. o HESS 

At cardiac catheterization, the venous catheter from the leg 
enter the left atrium through an atrial septal defect. Oximet 
nificant increase in oxygen saturation at the atrial level with an 
of 99 peret dran nit jy Right. ventricular systolic pressure 

| Og rz performed i in the lef 
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At age 5 1/2 years, the boy was admitted for a second cardiac 
catheterization (Table IB). Cineangiography now revealed 
_ direct drainage of the inferior vena cava into the left atrium 
(Fig. 1); systemic arterial oxygen saturation was 89 percent. 


_ The patient was then referred to New York University Hos- 
_ pital at age 6 years for operative repair. 


At the second open heart procedure, the unusual position 
of the inferior vena cava was readily evident. It entered the 
heart more than 3 cm to the left of the usual site. The inferior 
vena cava was cannulated directly through a stab wound in 
its midportion, a cannula advanced and secured with a snare. 


_ After right atriotomy, no orifice of the inferior vena cava could 
— beseen. Two small right superior pulmonary veins entered the 
. right atrium slightly below the superior vena caval opening. 
—. Sutures in the atrial septum from the previous operation were 


identified. Once the atrial septum was completely reopened, 
the inferior vena caval orifice was clearly seen in the left 


atrium. The right inferior pulmonary vein was draining 


A TABLE | 
. Cardiac Catheterization Data 


B. Age 5.5 Years C. Age 6 Years 


A. Age 2 Years X (after 1st, before (after 2nd 
(preoperative) 2nd operation) operation) 
O, Sat Pressure O,Sat Pressure O, Sat Pressure 
Site 96) | (mm Hg) (o6) (mm Hg) (o6) (mm Hg) 
"oWVC 76 (e 3 ; T ost E. 
= RA 89 (7) FAN a. mie (4) 
xv RM 4 x 52/8 TAN Mak 22/5 
PA NE 2 Met (x MA 22/10(14) 
yA 99 100/70 89 sm d 94 rs. 
LV A a dur 95/10 
LA 97 (7) NE (6) 
Cine Left to right IVC draining Normal systemic 
angio- atrial shunt directly into and PV 
_ gram LA drainage 


Figures in parentheses indicate mean pressures. 

FA = femoral artery; IVC = inferior vena cava; LA = left atrium; 
LV = left ventricle; O, Sat = oxygen saturation; PA = pulmonary 
artery; PV = pulmonary venous; RA = right atrium; RV = right 
ventricle; VC = venae cavae. 
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slightly to the right of and superior to the inferior vena cava 
(Fig. 2A). Reconstruction of the atrial septum was accom- 
plished with a knitted Dacron® patch sewn below the entry 
point of the inferior vena cava into the left atrium. The patch 
was then attached to the right atrial surface so as to direct the 
right pulmonary veins into the left atrium and the inferior 
vena cava into the right atrium (Fig. 2, B and C). At the con- 
clusion of bypass, the oxygen saturation levels in the right 
atrium, right ventricle and pulmonary artery were identical 
and the arterial blood was fully saturated. 

The postoperative course was uneventful. At repeat cardiac 
catheterization performed 3 months later to assess the repair 
(Table IC), there was no residual shunt; intracardiac pressures 
and arterial blood gas and oxygen saturation levels were 
normal. Pressure data and cineangiography revealed normal 
unobstructed drainage of the inferior vena cava into the right 
atrium and of the pulmonary veins into the left atrium (Fig. 
3). Three years after the second operation, the boy continues 
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FIGURE 1. Cineangiogram in left anterior oblique view before repeat 
operation, showing the inferior vena cava (IVC) draining into the left 
atrium (LA) and subsequent filling of the left ventricle (LV) and aorta (Ao). 
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a FIGURE 2. A, illustration showing the abnormal anatemy found at operation. The inferior vena cava (IVC) drained into the left atrium and the right superior 
.. pulmonary veins (RSPV) into the right atrium. The increased pulmonary blood flow resulting from the latter drainage probably minimized the cyanosis 


resulting from the inferior vena caval drainage into the left atrium. The left pulmonary veins (not shown) drained normally into the left atrium. RIPV 


. = right inferior pulmonary vein; SVC = superior vena cava. B, surgical correction was accomplished by excising the atrial septum and inserting 
- a Dacron patch in a sinusoidal fashion to divert the right superior pulmonary veins into the left atrium and the inferior vena cava into the right atrium. 
. This was somewhat difficult because of the location of the inferior vena cava to the left of normal. C, illustration showing the final position after 


the Dacron patch was completed, with the inferior vena cava (IVC) entering the right atrium and both the right superior and inferior pulmonary veins 


. entering the left atrium. RIPV = right inferior pulmonary vein; RSPV = right superior pulmonary vein; SVC = superior vena cava. 
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be to do well. He has no symptoms or cyanosis and bes ORTAM 
z normal sinus rhythm. 
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NS | Discussion 


There are three types of condition in which the infe- 
rior vena cava may drain predominantly into the left 


atrium. In the rarest type, the inferior vena cava is dis- 


placed further to the left than usual so that it empties 
into the left atrium and the atrial septum is intact. The 
anomaly may also be associated with a large low-lying 
atrial septal defect so that the inferior vena caval blood 


_is diverted into the left atrium, usually as a result of a 


large eustachian valve. It has also been reported as a 
part of a complication of atrial septal defect repair, in 


which the atrial septum is constructed to the right of the 


entry of the inferior vena cava, thus accidentally di- 
verting inferior vena caval flow into the left atrium. 
Four patients with the first type of isolated anoma- 
lous drainage of the inferior vena cava to the left atrium 
have been described. All had cyanosis since early 
childhood. Gardner and Cole's patient! was diagnosed 
at autopsy at age 30 years. Three other patients de- 
scribed separately by Meadows? and Black? and their 
co-workers and Venables^ were diagnosed after cardiac 
catheterization. The arterial oxygen saturation ranged 
from 74 to 87 percent. These patients had evidence of 
minimal cardiomegaly in the chest X-ray film and signs 
of left ventricular hypertrophy in the electrocardiogram. 
Heart murmurs were notably absent. Surgical repair 
was not undertaken in any of the surviving patients 
because of associated lesions (pulmonary tuberculosis, 
pulmonary arteriovenous fistulas and hemiplegia). 





. FIGURE 3. Cineangiograms obtained after the second operation. 


Left, unobstru¢ted drainage of the inferior vena cava (IVC) to the 
right atrium (RA). Right, normal drainage of the right pulmonary 
veins (PV) to the left atrium (LA). RV = right ventricle. 


ee a : - aui o "YN coe 


Association of Sirius drainage of the Mcr | A 
vena cava with a large atrial septal defect was originally x 
described by Rokitansky? in eight postmortem cases  . 
and subsequently by Gallagher et al., who described 
three patients with a history of cyanosis at an early age. — 
These patients had signs and symptoms of atrial septal 
defect with arterial oxygen desaturation. At operation, 
Gallagher's patients had a large low-lying atrial septal 
defect with a large eustachian valve. 

Iatrogenic drainage of inferior vena cava into ~ 
left atrium: Inadvertent diversion of inferior vena caval — 
flow to the left atrium during repair of an ania 2. 


use of the hypothermic technique as well as with ex- B 
tracorporeal circulation. Bedford et al.8 described this 4 
complication in 3 patients from a total of 40 whose de- 
fect was repaired with use of the hypothermic tech- _ 
nique. Effler and Groves,® Staple et al.!° and Bjork et _ 
al.!! reported on patients with this complication whose : 8 
defect was repaired with cardiopulmonary bypass. All - a 
these patients experienced cyanosis in the immediate _ me 
postoperative period, and the diagnosis of incorporation . 
of the inferior vena cava into the left atrium was con- 
firmed at repeat cardiac catheterization. Reopersiidat 
was performed, but the morbidity and mortality were - 
considerable. Mustard et al.!? described similar com- 


plications in three patients after repair of an atrial | 


septal defect, but these patients had, in addition to the — 
defect, partial anomalous drainage of the pulmonary _ 
veins into the right atrium. These authors believe that — 

surgical error can occur during attempts to divertan  - 
anomalously draining right lower pulmonary vein inthe _ 
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yi nnd and feeling « as well as one 
pisode when he had a respiratory 
1onths. This is not a typical history 

olated secundum defect. 
shunt at the atrial level during changes 
pressure and elevated pulmonary vas- 
ce has been reported, but the clinical 
e the first catheterization in our case 
a left to right shunt at the atrial level. 
heterization data supported this diag- 
normal arterial oxygen saturation and 
ght shunt at the atrial level. The details 
surgical procedure regarding cannulation 
vena cava, eustachian valve size and entry 
ior vena cava into the atrium were not 
vo atrial defects were identified and closed 
d sutures, but nothing unusual was men- 
anosis was observed in the recovery room. 
emoval of the large pulmonary blood flow 
trial defect allowed the systemic saturation 
e accurately the anomalous drainage of the 
a cava. However, even this was partly 
he partial anomalous pulmonary venous 

age hat was left uncorrected. 

t cond operative procedure, the anomalous 
eins were recognized, as was the abnormal 
the infrrior vena cava. It is obvious from 

published cases that incorporation of the in- 
into the left atrium during repair of an 

ect is a severe complication that has led 

ny cases even when the problem has been 
reoperation performed. The usual ex- 

or this inadvertent diversion is that the 

e is mistaken for the lower rim of the 

and is SHEBEQUM included in the re- 


of anomalous drainage of inferior 
g atrial septal repair: Prevention of 


Problems have ; usually c ocrürred with the continuous 
suture technique. In some instances, initial placemen 
of two to three interrupted sutures at the lower margi 
of the atrial defect will make certain that the margin o 
the inferior vena cava is not constricted. When identi 
fication of such landmarks is clear, facilitated by the. 
presence of the venous cannula and inferior vena cava, 
it should be impossible for such a complication to occur. 
Our patient might have presented a further problem 
because anomalous pulmonary veins draining into the. 
right atrium might obscure a portion of the opera’ 
field of the first operation. Identification of the low 
margin of the atrial defect and the position of the inf 
rior vena cava in relation to it would then be quite dif- 
ficult. : 
Cyanosis after atrial septal repair: Cyanosis in the 
immediate postoperative period after open heart cor- 
rection of an atrial septal defect can have many cause: 
(low cardiac output, hypoventilation, pulmonary pa- 
renchymal disease, pulmonary vascular disease [ob- 
structive or arteriovenous fistulas], vena caval diversio 
or true vena caval anomaly). Subsequent evaluatio 
should be guided by the original location of the repai 
defect. Occasionally, repeat cardiac catheterizat 
utilizing both superior and inferior vena caval: 
proaches will be necessary to outline the proble 
completely. | 
Anomalous drainage of the inferior vena cava int t 
left atrium, whether the defect is congenital or iatr 
genic, is a serious one, leading to the possibility ofs 
temic embolization. Since a large portion of the tot 
body circulation flows through the inferior vena cav 
the degree of cyanosis is usually severe and lead: 
polycythemia and its complications. Therefore, wh 
ever the inferior vena caval flow enters the left atriur 
either as an isolated anomaly or after operative int 
vention for an atrial defect, the corrective Surg 
should be performed as soon as possible. | 
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septostomy at the initial disquieis cardiac leur 
with aneurysmal dilatation of the foramen nina, sa act 


burden to the patient with tricuspid atresia whose surviv 
an obligatory right to left shunt at this level. The patholog 


aneurysmal dilatation or. outpouching of the atrial septum 
of the fossa ovalis have been described by Lev’ i ina patient 3 


of this type bulging into the left atrium and potentially. obs 
mitral valve orifice. We present herein the distinct angio 
findings in a patient with tricuspid atresia and an ane 
septum and with a discussion of modes of therapy. 


Case Report 


A 2 day old male infant was referred to this institution fo: 
notic congenital heart disease. Physical examination revealed a 
tachypneic infant, with a heart rate of 160 beats/min and a resp 
60/min. ni "E TEM s 

Cardiac findings included a mild left ventricular impulse. agra 
ejection murmur along the left sternal border and a grade 3/6 con 
murmur over the pulmonary area. "The second heart sound was 
were weak. The liver was palpable 3 cm below the right costal m 

Chest radiography revealed cardiomegaly with a prominen 
diminished pulmonary vascularity. There was visceral situs. 

The electrocardiogram showed a leftward superior axis w 
ventricular hypertrophy, biatrial enlargement and a low atri 
pacemaker (Fig. 2). E | | eee 

Cardiac catheterization was performed shortly after admissi 
dynamic findings are summarized in Table I. The catheter cours 
-tricuspid atresia. The left ventriculogram à demonstrated a large le 
cd ventricular septa d defect, bypoplast ic right ventr tl 
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3 not considered ai The final anatomic diagnoses were 
_ tricuspid atresia (type Ib), pulmonary stenosis, hypoplastic 
| Kk . right ventricle, patent ductus arteriosus and aneurysmal di- 
: E latation of the atrial septum. The systemic hypotension was 
- A attributed in part to severe restriction of obligatory atrial flow. 
= A Blalock-Hanlon atrial septectomy, a Waterston shunt, 
. . and ligation of the ductus arteriosus were accomplished at age 
M E .3 days. The infant tolerated the procedure well; his cyanosis 

- lessened and heart size decreased. Sepsis due to a gram neg- 

- ative organism developed and he died 3 days postoperatively. 

E A necropsy examination was not performed. 


> 


| P , Discussion 


2 Malformations of the septum primum component of 
| E “the interatrial septum have been characterized by 





ag 
D 
| TABLE I 
"Cardiac Catheterization Data 
he x 
B Oxygen 
B re Saturation * Pressure 
m - Site (96) (mm Hg) 


TM — — - 
es a ^ ——— MÀ ee 


k . Inferior vena cava 60 
E 12 Superior vena cava 59 S. 
=- Right atrium 60 a11;v5;m5 
ÀB Left atrium 72 a11;v5;m5 
E. Left ventricle 80 42/11 
Aorta 80 42/20 
~ Pulmonary artery Not at 
entered 





S *All saturation data were obtained while the infant was breathing 
100 percent oxygen. 
a = a wave; m = mean; v = v wave. 
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E- FIGURE 1 (top). Chest radiograph. 
/.. FIGURE 2 (right). Electrocardiogram. 
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partial or total absence, natau neoplasia, pre- 
mature closure and relative malposition.?4 In certain 


congenital cardiac anomalies right to left shunting at - 


the atrial level is obligatory. In patients with tricuspid 


atresia, the interatrial communication represents the 


only exit from the blind right atrium. Likewise, although 


the right atrium in the patient with pulmonary atresia 
and intact ventricular septum may decompress through - 


the sinusoidal-coronary arterial communications, an 
atrial communication is almost invariably present. 

The clinical features of atrial restriction in the pa- 
tient with tricuspid atresia have previously been de- 
scribed. Anatomically, the restriction is manifested by 
an obliquely patent foramen ovale or several fenestra- 
tions in the septum primum with the septum primum 
bulging into the left atrium. Massive aneurysmal dila- 
tation of the septum primum as manifested in our case 
is undoubtedly rare. This grotesque dilatation is prob- 
ably evidence of severe restriction but might represent 
an associated anomaly. Thompson et al.® have described 
an adult with a filling defect in the right atrium, thought 
to be caused by a tumor, probably a myxoma. At surgery 
the defect was found to be due to a redundant and fi- 
brous interatrial septum. Other examples of aneurysmal 
sacculation of the atrial appendage in patients without 
congenital heart disease have been described.’-!! In 
addition, Rowe et al.!? have described an infant with 
recurrent tachyarrhythmias and multiple saccular an- 
eurysms of the right atrium. It is remotely possible that 
these two conditions are related. 

Decompression of the restrictive atrial communi- 
cation can be achieved with balloon atrial septostomy, 


Lr i i | 1 
COR or "TE 


x a Mel 
i, S vw. re 


ea Nie Y 


2 
T 


i z er W3 ^ í RP À B YR A CP UOI - 
NE ave ja TUN = zd Ed NT. ORIS NUR er RA TEST m omen ee 9 p) MP 3 Ev 
Ss y. xt FE ELS ee ee PAAR eS "BTE MIS Per mom s AO ms "ese 


FIGURE 3. Cineangiocardiograms. Left, during right atrial systole. With the catheter in the inferior vena cava (VO), contrast material opacifies te -— 
vena cava, hepatic veins and right atrium (RA). The massive aneurysmal dilatation of the foramen ovale (ans) is well-visualized during right atrial — 


l 






systole. Opacification of the left atrium (LA) is noted. The sequence of opacification is typical for tricuspid atresia. Right, during right atrial diastole 
and filling, the aneurysmally dilated foramen ovale is not evident. The left heart chambers are never densely opacified, probably because of severe 
atrial restriction. Between atrial systole and diastole, a “ping-pong” ball effect is produced by the phasic aneurysmal dilatation of the foramen ovale. 


the Blalock-Hanlon atrial septectomy or open atrial 
- septectomy using hypothermia or inflow occlusion. The 
incidence of true secundum atrial defects in patients 
with tricuspid atresia or pulmonary atresia and intact 
septum is not known. Because atrial restriction can 
mitigate successful palliation by systemic to pulmonary 
artery anastomoses for hypoxia, a balloon atrial septo- 
stomy should probably be performed at the initial car- 
diac catheterization. Furthermore, since Fontan and 
 Baudet!? have achieved right ventricular bypass in the 
patient with tricuspid atresia, every effort should be 
made to allow these patients to reach the age when 
conduit surgery can be performed. 


a 


Intermittent obstruction of the mitral valve by the . 


aneurysmal dilatation of the atrial septum is possible, — 


and this diagnosis should be considered when findings 
consistent with intermittent mitral stenosis develop in 


a patient with tricuspid atresia. In this regard, the - 
similarity of the findings to those of a pedunculated left 


atrial myxoma is obvious. 
Finally, although we have described aneurysmal di- 


latation of the interatrial septum in a patient with tri- 
cuspid atresia, atrial restriction is similarly common in © 


the patient with mitral atresia. In this situation, the 
valve of the foramen ovale may herniate into the right 
atrium and aneurysmal dilatation may occur. 
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l Prefers to a voa in which ive 
ectrocardiographic complexes are recorded when ef- 
( tive cardiac output has ceased. Such findings in man 
are almost invariably associated with a fatal outcome 
| P al although one can observe this phenomenon in poten- 
A -tially treatable disorders. Recognition of these disorders 
— on the basis of certain clinical and electrocardiographic 
. findings may be of clinical importance. 
BS te _ Three kinds of hemodynamic alterations can produce 
E: . electromechanical dissociation: inadequate preload, 
X | excessive (obstructive) afterload and depressed cardiac 
E muscle or “pump” performance. A precipitous decrease 
in preload leading to electromechanical dissociation can 
occur in exsanguinating hemorrhage, an inflow-ob- 
structing atrial myxoma or acute cardiac tamponade; 
- severe outflow obstruction producing electromechanical 
_ dissociation can occur in pulmonary or aortic stenosis 
. and massive pulmonary embolism; and cardiac “pump” 
_ dysfunction with electromechanical dissociation can 
occur as a result of a diffuse myocardial process, ex- 
 tensive ventricular asynergy or disruption of the in- 
. egrity of the heart itself, for example, in rupture of a 
pa papillary muscle or the interventricular septum. 
| hs The clinical and electrocardiographic features that 
distinguish the common causes of electromechanical 
= dissociation are shown in Table I. When electrome- 
M éhanica dissociation is associated with tachycardia, 
x pump failure is not the only explanation; hemorrhage 
. and massive pulmonary embolism are alternative 
_ possibilities. These two disorders can be distinguished 
__ by recording a venous pressure. When an acute massive 
hemorrhage produces electromechanical dissociation, 
| venous pressure will be decreased, whereas in massive 
; pulmonary embolism it will generally be increased. 
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Another clue during a cardiac arrest that might suggest 
an occult exsanguinating hemorrhage is the apparent 
response to vasopressors only when these agents are 
administered as a “wide-open” infusion. When the rate 
of fluid administration is reduced, blood pressure 
abruptly disappears. In this situation, it is probably the 
acute volume expansion rather than the vasopressor 
that is maintaining blood pressure. When the triad of 
electromechanical dissociation, tachycardia and ab- — 
dominal distension is present, a ruptured abdominal - 
aneurysm should be considered. In three cardiac arrests 
I observed, this triad was present and autopsy con- — 
firmed the diagnosis of ruptured abdominal aneurysm. | 
When electromechanical dissociation is associated 
with bradycardia, activation of a vagally mediated de- 
pressor reflex is a likely possibility.! In fact, the occur- 
rence of sinus bradycardia with hypotension should. 
suggest either a primary vagal effect or an inappropriate 
heart rate response to a decrease in blood pressure. Such 
blunted heart rate responses are observed in the “sick 
sinus syndrome," or after treatment with beta- or gan- 
glionic blocking agents. The sudden occurrence of 
electromechanical dissociation and bradycardia, espe- 
cially in a clinical setting that might be associated with 
acute cardiac compression—for example, after cardiac 
surgery, chest injury or myocardial infarction—should 
suggest acute cardiac tamponade.? Although the oc- 
currence of electromechanical dissociation and brady- 
cardia was originally described in the setting of cardiac 
rupture,? recent experimental studies? have demon- 
strated that the bradycardia of cardiac rupture is a 


characteristic finding in the late phase of acute cardiac | 


tamponade in dogs. Vagotomy? or administration of | 
atropine! reverses the bradycardia, and in the vagoto- - 
mized dog acute cardiac tamponade does not produce - 
bradycardia until anoxic slowing ensues.? These find- - 
ings appear to be more than a physiologic curiosity as- 
sociated with experimental cardiac tamponade. Ad- 


‘ministration of atropine at the time of the bradycardic 


effect increased left ventricular systolic Į pressure, im- 
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processing of manuscripts if these instructions are ə followed: 


tion in text determines the number given 
to each.) 

* Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


* Type in duplicate; double-space. 


e Number the references in order in 


which they are mentioned in text. 

+ Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. | 


THE FIGURE LEGENDS 


e Start at top of new page. 
e Type in duplicate; double-space. 


. Number pages in sequence after last. 


page of references. 
» identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
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they are mentioned in the text, » | 

e Provide a footnote to: each t 
identifying in alphabetical order alt ab 
breviations used. i 2 


THE FIGURES 


e Submit 2 glossy prints (not originals 
of each photo and drawing. | 

e Please note that art work of pub 
lished articles will not be returned. | 
* Use black ink for all charts (line. 
drawings). Make decimals, broken lines 
etc. strong enough for. reproduction. 

* Use arrows to designate specia 
tures. | 

e Crop photomicrographs to sho seni 
essential field. | 3 


e identify figures on back by: number 


and author's name. 

* Number figures in order im which the 
are mentioned in the text. | 

e indicate top of each figure. E 
e Submit written permission from: pub 
lisher and author to. reproduce any p 
viously published figures. — ^ 

e Limit figures to number necessary 
clarity. The publisher allows a limite 
sum toward reproduction. | 
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Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J: 
Pharmacol Exp Ther 159: 250-254, 1968 — 


(Author: please note that no periods are used after authors' initials.) : s es 


For books (edited by other than author of article): 


28, Schiebler GL, Van Mierop LHS, Kravetz: J 25 
Diseases of the tricuspid valve, chap 20, In, 
Heart Disease in Infants, Children and Ado- — 
lescents (Moss AJ, Adams F, odds teers, 
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CPI's New Model 7000 Aerobic 
Measurement System simplifies 
metabolic measurements during 
Graded Exercise Testing. 
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efficacy 


Of those hypertensive patients who may be controlled 
by HydroDIURIL, as little as 50 mg daily may be 
adequate for some. In others, 100 mg a day may be 
required for satisfactory blood pressure control. A few 
patients may require 200 mg daily in divided doses. 


convenience 


Single daily doses may represent a useful prescribing 
option, and the availability of HydroDIURIL in 50- and 
100-mg toblet strengths makes the option even more 
useful. Once-daily therapy often represents greoter con- 
venience and fosters better compliance. (See Addendum 
at right for more dosage details.) 


certain therapeutic 
limitations 


. Contraindications include anuria and hypersensitivity to 


hydrochlorothiazide or other sulfonamide-derived drugs. 
Use with caution in patients with severe renal disease, 
impaired hepatic function, or progressive liver disease. 
Lithium generally should not be given with diuretics 
because they reduce its renal clearance and add a high 
risk of lithium toxicity. Read circulars for lithium prepara- 
tions before use of such concomitant therapy. 


TABLETS: 25 ma, 50 mg, and 100 mg 


HydroDIURIL 
(Hydrochlorothiazide | MSD) 


MSD 


please see following page. 
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Recommended 

Dosage of 

HydroDIURIL 
(Hydrochlorothiazide, MSD) 
in Hypertension 


Starting Dosage 

The usual adult starting dose is 
50 mg or 100 mg as asingle or 
divided dose. For many 
patients, the 50- or 100-mg 
tablets allow once-daily ad- 
ministration for convenience. 


Adjusting Dosage 

Dosage is increased or de- 
creased according to the blood 
pressure response of the 
patient. 


Maximum Dosage 

Some patients may require up 
to 200 mg daily in divided 
doses. These patients may also 
benefit from the convenience 
of the 100-mg tablet. 


Use with Other 
Antihypertensive 

Agents ! 

HydroDIURIL often enhances 
the effect of other antihyper- 
tensive agents. Careful ob- 
servation for changes in blood 
pressure must be made when 
this compound is used with 
other antihypertensive drugs, 
especially during initial therapy. 
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In hypertension 
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Hydrochlorothiezide | MSD) 


Contraindications: Anuria; hypersensitivity 
to this or other sulfonamide-derived drugs: 


woman with or without mild edema. 
Warnings: Use with caution in severe renal 
disease since thiazides may precipitate 
azotemia. Cumulative effects may develop in 
patients with impaired renal function. Use with 
Caution in patients with impaired hepatic func- 
tion or progressive liver disease, since minor 
alterations of fluid and electrolyte balance may 
precipitate hepatic coma. May add to or poten- 
tiate action of other antihypertensive drugs; 
potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. Sen- 
sitivity reactions may occur in patients with or 
without a history of allergy or bronchial 
asthma. Possibility of exacerbation or activa- 
tion of systemic lupus erythematosus has been reported. Lithium generally 
should not be given with diuretics because they reduce its renal clearance and 
add a high risk of lithium toxicity. Read circulars for lithium preparations before 
use of such concomitant therapy. 


Use in pregnancy: Thiazides cross placental barrier and appear in cord blood; 
in pregnancy or in women of childbearing potential, weigh anticipated benefit 
against possible hazards, including fetal or neonatal jaundice, throm- 
bocytopenia, and possibly other adverse reactions that have occurred in adults. 


Nursing mothers: Thiazides appear in breast milk; if use of drug is deemed es- 
sential, patient should stop nursing. 


Precautions: Perform periodic determination of serum electrolytes to detect possi- 
ble electrolyte imbalance. Observe all patients for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 
and urine electrolyte determinations are particularly important when patient is vomit- 
ing excessively or receiving parenteral fluids. Medication such as digitalis may also in- 
fluence serum electrolytes. Warning signs, irrespective of cause, are dryness of mouth, 
thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or cramps, muscu- 
lar fatigue, hypotension, oliguria, tachycardia, and gastrointestinal disturbances such 
as nausea and vomiting. Hypokalemia may develop, especially with brisk diuresis, in 
severe cirrhosis, with concomitant corticosteroid or ACTH therapy, or with inadequate 
oral electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to 
toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may be 
avoided or treated by use of potassium supplements, such as foods with a high 
potassium content. Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in liver disease or 
renal disease). Dilutional hyponatremia may occur in edematous patients in hot 
weather; appropriate therapy is water restriction, rather than administration of salt ex- 
cept in rare instances when the hyponatremia is life threatening. In actual salt deple- 
tion, appropriate replacement is the therapy of choice. 

Hyperuricemia may occur or frank gout may be precipitated in certain patients. 





Insulin requirements in diabetic patients may 
be increased, decreased, or unchanged; latent 
diabetes mellitus may become manifest. 
Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the 
drug may be enhanced in postsympathectomy 
patients. May decrease arterial responsiveness 
to norepinephrine; this diminution is not suffi- 
cient to preclude effectiveness of the pressor 
agent for therapeutic use. If progressive renal 
impairment becomes evident, consider with- 
holding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels with- 
out signs of thyroid disturbance. Calcium ex- 
cretion is decreased by thiazides. Patho- 
logical changes in the parathyroid gland with 
hypercalcemia and hypophosphatemia have 
been observed in a few patients on pro- 
longed therapy; thiazides should be discontinued before testing for parathyroid 
function. 

Adverse Reactions: Gastrointestinal System— Anorexia; gastric irritation; 
nausea; vomiting; cramping; diarrhea; constipation; jaundice (intrahepatic 
cholestatic jaundice); pancreatitis; sialadenitis. 

Central Nervous System —Dizziness; vertigo; paresthesias; headache; xanthopsia. 
Hematologic — Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia. 
Cardiovascu/ar—Orthostatic hypotension (may be aggravated by alcohol, bar- 
biturates, or narcotics). 

Hypersensitivity— Purpura; photosensitivity; rash; urticaria; necrotizing 
angiitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress including 
pneumonitis; anaphylactic reactions. 

Üther— Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; 
restlessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should be 
reduced or therapy withdrawn. 

Note: When used with other antihypertensive drugs, careful observations for changes 
in blood pressure must be made, especially during initial therapy. Dosage of other anti- 
hypertensive agents must be reduced by at least 50 percent as soon as this drug is 
added to the regimen. As blood pressure falls under the potentiating effect of this 
agent, further reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide 
each in bottles of 100 and 1000 and single-unit packages of 100; 
Tablets containing 50 mg hydrochlorothiazide each in bottles of 
100, 1000, and 5000 and single-unit packages of 100; Tablets 
containing 100 mg hydrochlorothiazide each in bottles of 100. 
For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck 
Sharp & Dohme, Division of Merck & Co., Inc., West Point, 
Pa. 19486 
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Until now, measurements of 
pulmonary artery and pulmonary capillary 
wedge pressures using the SWAN-GANZ? 
Flow-Directed Catheter required 
expensive and complex monitoring 
equipment. 

But not anymore. 

Edwards Laboratories introduces 
the SWAN-GANZ? Venous Pressure 
Monitoring System, an accurate, easy- 
to-operate and inexpensive instrument for 
obtaining continuous hemodynamic 
pressure measurements in the clinical 
setting. 

Total pressure excursions are 
observed as a moving point of light which 
precisely indicates systolic and diastolic 
pressure values through each cardiac cycle. 
For accuracy and improved resolution, two 
pressure ranges are provided. Actual mean 
pressures can be displayed at the push 
of a button. 


The SWAN-GANZ® Flow-Directed 
Catheter is a registered trademark of 
Edwards Laboratories, Division of 
American Hospital Supply. 


'" . The SWAN-GANZ 
makes pulmonary artery pressures easy to take. 





The portable and battery-powered An optically-isolated output enables direct 
monitor can be I.V. pole mounted for use recording of pressure waveforms. 
at bedside or during patient transport. The VPM System is supplied with 
And to enhance patient safety, electrical an Edwards' transducer and disposable 
isolation of the entire system is provided. ^ isolated dome. All components are"systems 
designed" for optimum results with the 
SWAN-GANZ® Catheter. 

For further details on the system 
that makes cardiac pressure measurements 
easy to take, request the VPM Datafile from 
Edwards Laboratories, Division of 
American Hospital Supply Corporation, 
17221 Red Hill Avenue, PO. Box 11150, 
Santa Ana, CA 92711; 714/557-8910. 

Cable Address: EDSLAB; Telex: 68-5567. 
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Alphanumeric display 
of patient and pump status 
utilizing two micro-computers. 


Slide controls 


INTRA-AORTIC BALLOON PUMP 
for proper timing. 





tise StUCT 


~ Three-color 

|. wave form scope 

-~ simplifies monitoring 
~- with increased 


an 9 _ Simplified controls 


j re from a decade of 
} sere Son — experience and 


continuing engineering 
and research. 








Optional stripchart records 
arterial pressure, ECG or 
continuous on-line cardiac output. 
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Thenew - 
AVCO intra-aortic 
balloon pump... 


sophisticated simplicity 


with the exclusive AVCOTHANE® Tri-Segment'™ Balloon, the most 

widely used in the world, (over 11,000 cases). Advanced technology simpli- 

fies the use of IABP counter-pulsation — a major advance in cardiac instru- 
mentation.Redundant safety features provide for quiet trouble-free operation 

— with minimum attention and greater patient safety. 

Your request for demonstrations in clinical or experimental setting, are 

sincerely encouraged. 

DISTRIBUTED AND SERVICED BY ROCHE MEDICAL ELECTRONICS INC. 

SUBSIDIARY OF HOFFMAN-LAROCHE INC., CRANBURY, NJ 08512 (609) 448-1200 i 
IN EUROPE: KONTRON INTERNATIONAL, BERNERSTR,-SUD 169, 8048 ZURICH, SWITZERLAND 1-62 92 62 
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Safe in sound. 


Probe your patients with image stability, and high 
sound. And record clear contrast—with no chemical 
echo patterns on Kodak processing. 
Linagraph direct print For details, write 
paper, type 2167. Eastman Kodak Company, 
Ultrasonic examination Dept. 412L (260-F), 
has become a useful Rochester, N.Y. 14650. 
technique to diagnose 
structural and functional 
cardiac abnormalities. 
When used for ultrasonic 
applications, 2167 paper 
offers fast pop-up, excellent 


Kodak Linagraph 
direct print paste type 2167 
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„Using varians new V-3000 







Major Features and 
Options of the V-3000 


e 80 degree sector scan 

Small hand-held transducer 

No mechanical scanning arm 

Gray scale 

Large screen for full size display of anatomy 
Mobility—can be brought to the bedside 


Video recorder—with slow motion and 
stop action 


Still photographs - Polaroid and roll film 


Computer control—for easy reprogramming 
and updating 


Optional strip chart recorder for M-mode 
studies 

Optional ECG system with photograph- 
triggering capability 


Phased Array 
Ultrasonograph 


Non-invasive Two 
Dimensional Imaaes in 
“Real-Time” 


Now, high resolution real-time motion pictures of 
the beating heart can be obtained non-invasively. 
In a single real-time ultrasonic instrument one 
can perform both standard M-mode 
studies and two-dimensional 
examinations of the heart. 





The small phased array 
transducer fits easily 
a PG between the ribs and 
»" electronically scans an 
j 80 degree section, giving 
an unobstructed field of view 
large enough to image clearly the 
entire left ventricle of an adult heart. 


Conventional M-mode recordings can be 
quickly and easily made along any radial line 

selected from the two-dimensional image. The 

selected line is shown as a brighter ray super- 

imposed on the image and can be moved to 

coincide with points of interest in the plane of 

the heart being viewed. 


Real-Time Ultrasound 
must be experienced in 
Real-Time to appreciate 
its clinical value. 


The diagnostic power of the V-3000 is best 
assessed from the dynamic examinations 
it has performed. 


Films of clinical studies made with the 
V-3000 are now available. To arrange your 
showing, write or call Varian Radiation 
Division, 611 Hansen Way, Palo Alto, CA 
94303. Tel. 415/493-4000, Ext. 2819. 
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LARAGH'S 


HYPERTENSION 


MANUAL 


Edited by John Laragh, M.D.— A classic treatise 
for understanding, diagnosing and treating 
Hypertension. Published in February, 1974, 

it's already a standard reference work. 
—970 pages, 150 illustrations— 


the most advanced 
clinical blood flowmeter. 
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CLINIFLOW is a precision instrument 
designed specifically for clinical 
applications where patient safety and 
simplicity of operation are of paramount 
importance. A truly isolated input circuit 
provides the ultimate in patient isolation, 
even with improper use or association with 
other instrumentation. 


The CLINIFLOW System offers a new level of 
convenience and ease of operation. The 
operator simply dials the given 
pre-calibrated probe factor and adjusts the 
zero set meter. Quantitative blood flow is 
measured and displayed directly in ml/min 
or liters/min on a large, easy-to-read digital 
indicator. Hange, decimal point and scale 
light are automatically established. 


CME's pioneering and unequaled 
leadership in flowmetry is represented in the 
CLINIFLOW. CME — First in Flowmeters. 


CAROLINA MEDICAL ELECTRONICS, INC. 


P. 0. BOX 307, KING. N. C. 27021 USA TELEPHONE (919) 983-5132 
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MIT RAL VALVE PROLAPSE-CLICK SYNDROME—1 


I believe the explanation offered by Jeresaty! for increased 
tension in the papillary muscles in the mitral valve prolapse 
syndrome is incorrect and adds to the general confusion sur- 
rounding Laplace's law. This law expresses the relation be- 
"tween tangential tension and intracavitary pressure. In the 


. example under discussion the tangential forces are within the 
mitral valve itself and not the chordae tendineae or papillary. 


i muscles, which are oriented in a radial direction. 


JUN Increased tension may well be present in both chordae and 
RI Red papillary. muscles in this syndrome. However, it can be ex- 
E “ple ined by the increased surface area of the ballooning mitral | 






g . This: can be: expressed as follows: A X P = T(P) where 
A equals area of mitral valve in systole, P equals ventricular 
systolic pressure and T(P) equals total tension on papillary 


-.- muscles. The tension in individual papillary muscles would 
-= depend upon the area of the mitral valve to which its chordae 
.* > tendineae are attached. The actual tension within the mitral 
ae . valve itself could actually be less than normal, this being en- 
LUPA tirely dependent upon its radius of curvature in systole. 


‘Patrick J. McCormick, MD 
Department of Cardiology 

Little Company of Mary Hospital 
Evergreen Park, Illinois 


mE Jeresaty RM: Etiology of the rnitral valve prolapse-click syndrome. Am J Cardiol 36: 
/ 110-113, 1975 


. Pocock and Barlow! invoked Laplace's law to explain the in- 
. creased tension transmitted to the papillary muscle by way 
of the chordae tendineae. I agree that this law applies to the 
mitral valve itself and not to the chordae tendineae or papil- 
lary muscles. Unlike McCormick, I believe that actual tension 
within the redundant and voluminous mitral cusps could be 
more than normal because of their large radius of curvature 
in systole. I am glad that McCormick provides another ex- 
planation for the increased tension in both chordae and pa- 
pillary muscles in this syndrome; namely, “increased surface 
area of the ene mitral leaflet.” | 
| ~~ Robert M. Jeresaty, MD, FACC 
St. Francis Hospital 
“Hartford, Connecticut 


Reference. 


1. Pocock WA, Barlow JB: Etiology and elect graphic Jeetures of the billowing mitral 
leaflet syndrome. Analysis of a further 130 patients.. with a late systolic murmur or 
nonejection systolic click. Am J Med 51 731-739, 1971 - 





WAS VALVE PROLAPSE-CLICK SYNDROME—I! 
jl valve me imar e is currently 





common. lng years ee heitar fever and theupuatci heart. 
disease were common and the click murmur syndrome was not 


appreciated.as a mitral valve problem. It followed that almost 
all mitral systolic murmurs were thought to be due to rheu- 





- heart disease are less common in the United States. and we 
recognize the click murmur syndrome. Therefore, itis proi 


_ the mitral valve leaflets and 


- valve prolapse. - 


- see the more severe cases. The serious complications men 





















































matic heart disease. Today rheumatic fever and heii 


f mitral regurgitation: whe 
r without a click) at th 


to consider nonrheumatic CAUSES 0 
one hears a systolic murmur | 
apex of the heart. 

2. The cause of the mitr 
syndrome i is considered to 








prolapse-click murmu 


be other causes of this synd. 
mitral clicks are not always : a 


3. Five points should be n 
mitral valve prolapse-click m 
A. Now that itis recognized 
syndrome and that one shoul 
matic origin when a systolic mt 
or without a click) it is likely 2 
ognized more frequently. — 
B. The majority of patients eng 
patients with the full-blown syndrome 
chest pain that simulates angina pectoris: 
C To me, a ro click, a clicks | 


the patient is bar up. For eee every ph 
was taught that he had not listened to the cardiac: apex unles 
the apex had been listened to while the patient wasin the lef 
lateral recumbent position after exercise. The murmur o 
mitral stenosis is accentuated when these maneuvers are im 
plemented. It is clear now that we have not listened to systol 
at the apex unless the apex is listened to while the patien 
stands. This maneuver will often accentuate the systolic elici 
and murmur and cause them to occur earlier in. systole, 
questionable diagnosis i may become definite asa result. ott i 
action. E : 

D. Some patients with chest. pain simulating angina g pe 





ciated with the mitral valve ata TA ckm 
One must not jump instantly toa diagn is O 
erosclerosis in either case but should se 
including the mitral valve ` prolaps 
drome. | 


rént: view that there may. y be ih hoc: Li 
mitral valve prolapse without correspor 1 
and that there may be the physical: 
syndrome without. definite echocard gr 
prolapse of the mitral valve. A 
A, The view that Patiente with: E 


drone: are not all alike: Internists an cardiologists probabl 


tioned earlier do occur and the few patients with progressiv: 
and intractable problems despite treatment with propranolo 
may require the surgical placement of a new mitral valve. Th 








































point is that most patients don’t have these complications and 
must not be frightened unnecessarily. 

- As pointed out by Cobbs, patients with myxomatous disease 
of the aortic valve producing severe progressive aortic regur- 
gitation and with myxomatous disease of the mitral valve 
producing severe progressive mitral regurgitation belong in 
10re serious category. of patients than patients with un- 
changing or slowly. progressive mitral systolic click murmur 
\drome.!2 

. Thave seen several patents who were frightened by the 
ms applied to this syndrome. One distressed lady said, “I 
ea Pop valve,’ i Another said, RE have a click of pop and 





a 3 "ies drone of “the i aortic valve and Read's syndrome of 
th mitral valve should be used to refer to the more serious 
progressive conditions.'? Whereas I do not champion the use 
f eponyms, they are useful when one wishes to convey that 
a certain condition exists and that the alternative identifying 
terms are frightening or lengthy. Witness the use of the term 
Down's syndrome rather than mongolism. 
The cardiology group in the Department of Medicine of 
Emory University School of Medicine has been interested in 
the mitral valve prolapse-click murmur syndrome for many 
ears.'4.5.6 Woodfin Cobbs of our group wrote the chapter for 
the second edition of The Heart in 1969 and it was published 
in 1970.4 He updated the material for the third edition in 1973 
and it was published in 1974.! I ask the readers of this letter 
to carefully check pages 882, 887, 1116 of the third edition and 
to determine if we have “accepted the unproved concept of 
the causal linking between coronary artery disease and the 
click syndrome” as stated by Jeresaty in his editorial. We in- 
dicated that myxomatous degeneration of the valve was the 
cause of the condition (see page 882 of the third edition).! We 
did indicate on page 1116 in the third edition that the murmur 
of papillary muscle dysfunction may be preceded by a click.! 
We did not claim that there was a “causal linking between 
coronary artery disease and the click syndrome." We placed 
that single sentence in the text in deference to those who have 
heard such a click in patients with infarction." Note carefully 
on page ` 891 in the: third: edition of The Heart that Cobbs 
writes: E 


Midsystolic. inn may also occur in orn dd 




















o »M 6 Such a causal relation, however, 
sitios establish except with careful serial 


disease and t iat th two could interaët in interesting 
“ways. Very likely the association of Barlow’s syndrome 
"with coronary artery disease is a mixture of causality 
. and chance. If, however, one should regard this syn- 
_ drome as possible evidence for ischemic heart disease, 
. diagnostic confusion might result, since significant 
numbers of such patients have chest pain variably sug- 
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gestive of angina pectoris in the absence of coronary 

atherosclerosis. 

For many years (since 1967) Cobbs hai written about the 
mitral valve prolapse-click murmur syndrome. He first sug- 
gested that increased papillo-chordal stress was the main 


cause of its sporadic but distinctive P manifestations. 4 


I urge readers to survey his work. 14,6 


J. Willis Hurst, MD, Face 
: Department of Medicine © v 
Emory University School of Medicine 
Atlanta, Georglà | 
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REPLY 


I agree with most of Hurst's observations as to the prevalbhae, | 
clinical features and differential diagnosis of the mitral valve 
prolapse-click syndrome.! He has rightfully stressed the be- 
nign outlook in these patients. In another paper, I have 
reached the same conclusion: “A review of my series would 
confirm the assessment of Allen et al. of the benign nature of 
this syndrome. The risk of sudden death is remote in this 
syndrome and therefore should not be mentioned to the pa- 
tient or his family for fear of inducing undue anxiety and 
neurosis.'? 

While recognizing the major contributions of Barlow and 
Read, I do not believe that their names should be used to 
designate the benign and "the more serious progressive con- 
dition,” respectively. I do not believe that "Barlow's syn- 
drome" is more reassuring to a frightened patient than "click 
syndrome” or “mitral valve prolapse.” In this syndrome, ep- 
onyms should not be championed because, until proved oth- 
erwise, the benign and the severe forms probably are part of 
a spectrum and do not represent separate disease entities. The 
patient with a benign form may become symptomatic as a 
result of progression of mitral insufficiency, rupture of chordae 
tendineae, bacterial endocarditis, and other factors. There is 
no good correlation between symptoms, auscultatory, elec- 
trocardiographic, echocardiographic and angiographic find- 
ings. I am sure that Hurst would not advocate using eponyms 
to separate benign from malignant forms of hypertension and 
asymptomatic coronary artery disease from the form associ- 
ated with angina, myocardial infarction or heart failure. | 

Excellent work on mitral valve prolapse | has been cai ried- l 
out by the cardiology group at Emory yf 
Medicine, particularly by Woodfü Cobbs. 
that Cobbs “first suggested tha t j 
stress was the main cause of its sporadic bu distinctive clitiical 
manifestations." Pocock and Barlow, and I? in an article 
submitted for publication in 1970, have independently xs 
posed the same theory. | 

The main point of disagreement between Hurst and me is 









association of Barlow’ s done with coronary arte ; 
(c. isa mixture of causality and chance." 
3 E al ey maintain that these 5e quotations ë can n 


Gion): “The s sys: 
irst sound, may 


nounceiient of 1977 Pediatric Cardiology Examinatio 


fiatric Cardiology of the American Board of Pediatrics. wi 
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i included in the revised edition: of Mode 


; may accept these criteria for peer revie 
their own local criteria. The official po 
io y! toward PSRO is explained in the. origi 








NOSIS/PROBLEM: s 






H. 










| DIAGNOSIS/PROBLE A 
ATRIAL. FIBRILLATION 
- (Criteria. Applicable 
Code Numbers: H-ICD 
“ANS. 9, 416. 1, 416 .2, 416 1 
ICDA-8 427. 2, 427. 3, 3, 42 A 


l, 


iit. 





B. Nonspecific indicators "e 


















Admission Review - 
A. Reasons for admission .: 
1. Newly Boxed" 2 3 | 

2. Rapid rate requiring prompt slowing (o slow E 

rate, with other arrhythmias) - 

3. Failure to respond to ambulatory e anti AT 
therapy " 

4. Symptoms of chest pain, syncope, 
embolization _ 

5. Diagnosis or suspicion of ventricula 

| mias n8 


Continued Sta y Review | | uc 
A. Reasons for extending the initial length of stay > 
1. Chest pain (angina —> infarction) | 
2. ‘Congestive failure or shock 
3. Unresponsive. to initial therapy 
4. Serious ventricular arrhythmias 
Validations of: 
A. Diagnosis | | $ 
t. Electrocardiographic documentation of tytn 
_ disturbance. - 
B. Reasons for admission — | Lo acsi 
1. Historical, physical. and elecuocardogaphi n 
documentation of A 1, 2, 3, 4 or 5 - eee 


. Critical Diagnostic and. Therapeutic Services - 


A. Electrocardiogram (100%) m : 
B. Radiologic examination of the chest (100 %) 












V. Discharge Status o= ono 0o 
A. Heart rate controlled withir li normat range | 
VI. 
Me inch (or dane 
iem A 
B. Nonspecific indicators - 
1. No ectty appropriate 
DIAGNOSIS/PROBLEM: oe 
| MYOCARDIAL INFARCTION, Acu rE 5 
ptoms (Ill B-2); and signs (IIl A-2) Code Numbers: H-ICDA 4 410. Nc 
ICDA-8 410 m 
Wende oa eet | Admission n Revie 









Continued Stay y | 
- A. Reasons for extending the nitial length of stay 
1. Persistent arrhythmia. 


























2 . Congestive heart failure or shock (See criteria Se o; Complications of diagnostic procedure 
rh ee arterial occlusion, bleeding) 
n (Se 





zd lectrocardiographic e evidence of acute myo 5 -. NS 
-cardial infarction - Eus 
2. Elevation. in serum cardiac enzymes (creatine QE 
iosphokinase [CPK], glutamic oxaloacetic 
 transaminase [SGOT], lactic dehydrogenase ISO 
[LDH], ete) » 
3. Classic history and hospital course te. .g., chest 
pain, interpreted as consistent with myo- 
cardial infarction. No specific modifiers re-. 
ee quired) - 
a "B  Réasoís for admission 
TE 1. No entry necessary ` m 
3 Nv. Critical Diagnostic. and Therapeutic Services. l et  .. . Shglograr 
< A. Monitoring of cardiac rhythm (10096) ^ = =o | onary arte 
-. B. Intravenous infusion line maintained (10090). Rite uim 4. Appropriate 
...C. Coronary care unit, if available (100%) © o eee . angiogr 
s ..D. Serial electrocardiograms and. serial serum cardiac 






































i enzymes (100%) = "IN. Critical Diagnostic and Th 
. E. Radiologic examination ot the chest (100%) | A. Electrocardiogram (100% 






V Discharge Status — ^ ^ | B. Radiologic examination. ote: : 
A. Alive | E n EN EROR. C. Coronary angiography (for pat € 
B. Pain-free E ee Serer ei (100%) de ERG 










































-'C. Documented plan of follow-up oe V. Discharge. Status rus 
Me Complications — = > aoe A. Alive - ed 
E A Primary disease. and treatment specific complica- B. Condition clinica ily 
| tions os, C. Documented plan « 
t. Arr ir erp eted as consistent with digi- D. Postoperative wound 
t toxication E. Ambulatory — 


VI. Complications $ 
A. Primary disease an 
ons 

1. -Complicatio 


:B. ‘Nonspecific indicator 
Cose Any extension 
LTD “ment - 
ee ‘Second ope! 

i8: Persistent fe 





S - DAGNOSH/PRODLEM | 
| rns DISEASI 
.. Code numbers: H-ICD, 
cA ICDA-8 424 | 
: tent, re | I. Admission Review 
2. Cardiac arrhythmias (See criteria s set t for atrial -. A. Reasons for admissic MÀ 
" fibrillation) — : 2 1. Scheduled for cardiac catheterization 
















| 2. Valvular heart disease complicated byh heart 


failure ‘chest pain, syncope. hemoptysis or 


sornplications (e.g., wound in- 
cca, Bostpertoerdkdtomy 





PERICARDIAL DISEASE - 


 ICDA-8 420, 423, 39 3 


ournal ot CARDIOLOGY Volume 38 


_ 5. Use of respirator for longer than 48 hours 












DIAGNOSIS/PROBLEM Si 


Code numbers: H-ICDA 42 (use E 
adhesive pericarditis only 4 4ü 
constrictive only, not 


i. Admission Review” 

A. Reasons for admission - 
T Diagnosis or suspicion of acute pericar tis 
2, Ponos or suspicion of pericardial tampon- 

atid. - | | 

3. Scheduled for invasive diagnostic. procedure E 
4.. Scheduled for. pericardiocentesis - B 
5. Scheduled for oporason 


. Continued Stay Review 
A. Reasons for extending the initial longn. of stay 
1. Persistent pain 
2. Pericardial tamponade 
i Persistent pericardial effusion = m 2 
. Identification of specific etiologic: agent or dis- P 
ease requiring inpatient diagnosis or therapy m 
(e.g., tuberculosis, tumor) E 
- 5. Constrictive pericarditis 





ill. Validations of: 
A. Diagnosis | | 
1, Pericardial friction rub cr 
2. Echocardiographic confirmation of pericardial 1 
effusion ue 
3. Radiologic or nuclear imaging confirmation of Hes 
pericardial effusion um 
4. Confirmation. of. pericarditis” or r pericardial 
effusion by pericardiocentesis. or aoe 
5. Compatible etectrocardiographio evidence 
B. Reasons for admission . e 
1. Cardiac tamponade (IA 2, 3, 4 5) 
2. Constrictive pericarditis (IA. 3, 4, Br. 
3. Presence of pericardial fluid (A 3, ^ 1 


IV. visis Diagnostic. and Therapeutic Services 2 
A. Electrocardiogram (10096) "m - D S. 
B. Radiologic examination of he chest ( (10096) c 

C. Echocardiogram (if available : Ne 00% 
V. Discharge Status — | 
A. Alive or e E 
B. No hemodynamic. inipairment Y (absen 
periension, Syieinic pon ens 















» of venous hy- 








B. Nonspecific indi cator f 


1. Persistent fever. LO MEC |» 
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and attitudes of the participants. : | 
These dicis hould. help each physi 


assumes the overall responsibility for the of the 


caliber of the postgraduate education and 
the relevance to the practice of cardiology. 


This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 


sis of the educational methods, and studying 
the impact of each course on me knowledge 
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A TREADMILL 
YOU CAN DEPEND ON, 
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"Every Duinton 
cardio-pulmonary p e 
Quinton treadmills feature life- 
time lubricated bearings at all 
major wearing points, all nylon 
"endless belts" for extra long 
service life, easy step on and step 
off access, choice of remote or 
treadmill mpunted speed control, 

“no jerk” acceleration, a full 
range of elevations and speeds 
and a full year’s warranty. 
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A SENSIBLE MULI- CHANNEL ECG MONITOR. 


] The Quinton Model 623 
delivers the facts you 
need. Pushbutton lead 
selection lets you dis- 
play and record any two 
leads simultaneously. 

| Our “QRS Sync” lets 

-] you expand each con- 
secutive QRS complex to 
the full width of the 
screen to make even 
small changes obvious 
immediately. The Model 
623 requires no battery 
packs and the internal calibration system checks the recorder, oscillo- 
scope, patient cables and heart rate meter to assure you of total system 
accuracy before you conduct a test. 


THE FLEXIBILITY TO ADD 
EQUIPMENT AS YOUR PRACTICE GROWS. 


With a Suintons Exercise sa System, you can add special options one at a 
ETANG | time. A Quinton Treadmill Pro- 
| grammer allows you to con- 
- | centrate on the monitor and 
| the patient while the exercise 
-| test progresses automat- 
| ically. The automatic 
— | programmer gives you 
^L inii Ne repeatability and accuracy 
in measuring cardiovascular responses fróm rest to maximum exercise. 
EDU GAMES CER UTOR 77777] The Quinton Model 
eee 611 is a precision 
cardiotachometer. 
It computes and 
a | digitally displays 
| heartrate on a beat- 
|| by-beat or sliding 
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— | average basis. 









The es dbien ] Model 7 740 ECG 
Data Computer gives you 
valuable information about S-T 


changes. It digitally displays 
the heartrate, S-T level and S-T 800-426-0538 or mail the 


If you would like a copy of our 
catalog, simply call us toll free at 


hed coupon to Quinton 
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help you “see through” noisy Instruments, Dept. E66, 2121 
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changes, arrhythmias and 20 98121. QUINTON 


beat ECG averages. E ll a 


Please send details on exercise 
testing equipment to: 






Name 


Position 


Address 
City/State/Zip 


§ 

E 

E — 
HoespüapCldc  —.  — 

a 

4 

a. 








Now the complete, 
flexible ultrasound system: 


> TheRT-400. 

=> For dynamic,two-dimensional, 

~ real-time, high-resolution imagi 
\( Today and tomorrow. 













For more information, write or call: 

Grumman Health Systems 
400 Crossways Park Drive 
Woodbury, New York 11797 
(516/575-3513) 
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— Blood Pressure Ronn 


E EM LC nea aer fobier compact ané-pioce unit weighs 25 ounces. 

b De F The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians and 
, research institutions throughout the world. 

Now, by miniaturizing circuits and AV A aie we have pro- 
dube a smaller and easier to wear single-unitversion that weighs 
. only 25 ounces. 

This new Model M-2000 records blood pressures during the 
wearer's working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
. daily. This method eliminates the pressor effect of an observer E 
| presence. 

«The Remler system is especially useful in determining the effi- 
ES cacy of medication i in the treatment of hypertension. 
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.Remler M-2000 Pi sup Blood Pressure Recorder. 
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(potassium chloride) 





Klorvess* Combined Brief Summary 

Klorvess (potassium chloride) 10% Liquid 
Each tablespoonful (15 ml) contains 20 mEq of 
potassium chloride (provided by potassium chloride 
1.5 g) in a palatable, cherry-with-pit flavored vehicle, 
alcohol, 1% 
Klorvess Effervescent Tablets 
Each dry, sodium- and sugar-free effervescent tablet 
contains 20 mEq each of potassium and chloride 
supplied by potassium chloride 1.125 g, potassium 


bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g. 


Contraindications: Severe renal impairment character- 
ized by azotemia or oliguria, untreated Addison's 


disease, Familial Periodic Paralysis, acute dehydration, 


heat cramps, patients receiving aldosterone-inhibiting 
or potassium-sparing diuretic agents, or hyperkalemia 
from any cause 
Precautions: In response to a rise in the concentration 
of body potassium, renal excretion of the ion is 
increased. In the presence of normal renal function 
and hydration, it is difficult to produce potassium 
intoxication by oral potassium salt supplements 

Since the extent of potassium deficiency cannot be 
accurately determined, it is prudent to proceed 
cautiously in undertaking potassium replacement. 
Periodic evaluations of the patient's clinical status, 
serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is 
particularly important in patients with cardiac disease 
and those patients receiving digitalis 


High serum concentrations of potassium may cause 
death through cardiac depression, arrhythmia or 
cardiac arrest. 

To minimize gastrointestinal irritation associated 
with potassium chloride preparations, patients should 
dissolve each Klorvess Effervescent Tablet in 3 to 4 
ounces of water or fruit juice, or dilute each 
tablespoonful of Klorvess (potassium chloride) 10% 
Liquid in 3 to 4 ounces of water. Both of these 
solutions should be ingested slowly with or immediately 
after meals 
Adverse Reactions: Abdominal discomfort, diarrhea, 
nausea and vomiting may occur with the use of 
potassium salts 

The symptoms and signs of potassium intoxication 
include paresthesias, heaviness, muscle weakness and 
flaccid paralysis of the extremities. Potassium 
intoxication can produce listlessness, mental confusion 
a fall in blood pressure, shock, cardiac arrhythmias, 
heart block and cardiac arrest 

The EKG picture of hyperkalemia is characterized 
by the early appearance of tall, peaked T waves. The R 


wave is decreased in amplitude and the S wave deepens; 


the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears 
Occasionally, an apparent elevation of the RS-T 
junction and a cove-plane RS-T segment and T wave 
will be noted in AVL 

Dosage and Administration: 

Klorvess* Effervescent Tablets: Adults —One Klorvess 


Effervescent Tablet (20 mEq each of potassium and 
chloride) completely dissolved in 3 to 4 ounces of 
cold water or fruit juice 2 to 4 times daily depending 
upon the requirements of the patient 
Klorvess” (potassium chloride) 10% Liquid 

Adults —One tablespoonful (15 ml) of Klorvess Liquid 
completely diluted in 3 to 4 ounces of water 2 to 4 
times daily depending upon the requirements of the 
patient 

Both of these solutions should be ingested slowly 

with meals or immediately after eating. Deviations 
from these recommended dosages may be indicated in 
certain cases of hypokalemia based upon the patient's 
status. The average total daily dosage must be 
governed by the patients response as determined by 
frequent evaluation of serum electrolytes, EKG and 
clinical status 
Overdosage: Potassium intoxication may result from 
overdosage of potassium or from therapeutic dosage in 
conditions stated under “Contraindications”’ 
Hyperkalemia, when detected, must be treated 
immediately because lethal levels cam be reached in a 
few hours 

How Supplied: Klorvess Effervescent Tablets (white) — 
60 tablets (2 Rx units of 30 effervescent tablets each) 
Each tablet is individually foil wrapped. Klorvess 

potassium chloride) 10% Liquid (dark red)—as a 
cherry-with-pit flavored liquid in 16-ounce and 


gallon bottles | 
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THE SUBTLE MIX 


EFFERVESCENT 


Each dry, sodium- and sugar-free effervescent tablet contains 20 mEq 
each of potassium and chloride supplied by potassium chloride 1.125 g, 
potassium bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g. 








Delicious cherry-with-pit flavor. is determined by what they're prescribe several slow-release 
If you've tasted it, you know mixed with. The subtle mixer. tablets per dose or space dosage 
KLORVESS® (potassium chloride) Convenience in therapeutic doses. administration beyond the 
10% Liquid provides a delicious Both forms of KLORVESS offer patients normal routine. 
natural flavor. So good, in fact, 20 mEq potassium chloride in Prescribe KLORVESS 1076 Liquid 
that it should be mixed only with each dose. There is-no need to or KLORVESS Effervescent 
water. Tablets . . . for potassium 
Or whatever flavor your patients supplement therapy that offers 

i like . . . because the taste of D a good taste and convenience at 
KLORVESS® Effervescent Tablets Org ey therapeutic dosages. 


LABORATORIES 
1 Division of Sandoz, Inc. * LINCOLN, NEBRASKA 68501 
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Preparation 


_ Announcing the new expanded Information to 
-. Authors 1976-1977 edition with editorial guide- 


* 


Now, 
-Stop 
Medical 
Paper 











lines reprinted from 140 medical journals 


Compiled by Harriet R. Meiss and Doris A. Jaeger of 


_ the Levy Library, Mount Sinai School of Medicine of the 


City University of New York. 


At last, a handbook providing the most up-to-date 
guidelines for the preparation of manuscripts exactly 
as specified in 140 leading American medical journals. 
Authors, secretaries, publishers, editors, medical 
writers and librarians will welcome this greatly needed 
reference for publishing in clinical medicine. 


_ Information to Authors features the exact replica of 
. each journal's masthead, with editors, editorial boards, 


mailing addresses and such pertinent information as 
statements of scope, sponsoring societies, advertising 
information and subscription rates. Instructions to con- 
tributors are reprinted in their entirety—including in- 
formation on the number of manuscript copies re- 
quired, desired format, correct style for typing foot- 


- notes and references, rules for preparation of illus- 
= trations, tables, graphs, etc. 


Information to Authors 


— Lew Library 


- Mount Sinai School of Medicine 


Fifth Avenue and 100th Street 
New York, New York 10029 


Please send me postage paid 












For rapid access, journals are arranged in alphabetical 
order. A subject index enables you to identify publica- 
tions in your field of interest. Specialties represented 
are anesthesiology, hematology, cardiology, critical 
care medicine, dermatology, gastroenterology, internal 
medicine, geriatrics, immunology, neurology, psychi- 
atry, endocrinology, oncology, obstetrics, gynecology, 
ophthalmology, orthopedics, otorhinolaryngology, 
pathology, pediatrics, clinical pharmacology, physical 
medicine, public health, radiology, surgery, urology 
and others. 


If you or members of your staff write, submit or review 
papers for medical journals, this handy guide will save 
valuable look-up and research time. /nformation to 
Authors has everything you need to meet the exact 
requirements of the editor, avoid costly publication 
delays, and speed acceptance of your paper. 


Use the order form below to obtain your 1976-77 copy 
now. No orders will be processed unless accompanied 
by payment. 


Published Summer 1976 328 pages 


AJC-8/76 


copy(ies) of your Information to Authors. | enclose payment. $13.50" per copy, 


| 
| 
Pay > c p limi iin c iiid ta 
| 
| 


domestic and $15.00 per copy, foreign. (Please make checks payable to “MSSM—Information to Authors.) 


Name 
Address 


City à 
*New York State residents please add applicable sales taxes. 
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Quality to pass the toughest test 
-your evaluation 


Each RED DOT Electrode is 


individually sealed... .to prevent drying out of 
the gel before application...a feature that permits electrodes 
tobe preattachedtocables andstill remain fresh for application 


Engineered for rapid, convenient 
application ...center sponge is prefilled with precise 
amount of gel for rapid application and dependable perform- 
ance...sponge is firmly held to electrode base by patented 
adhesive process... built-in abrasive pad for quick prepara- 
tion of skin 


Flat design minimizes movement 


artifacts... jow profile provides optimum contouring 
to body...no raised edges to catch on clothing or bedding 


Backed with MICROPORE*” 


Surgical Tape.. virtuallynonirritating MICROPORE 
Tape ensures patient comfort by permitting skin ventilation 
while adhering firmly—even to perspiring patients...easily 
removed with little or no adhesive residue 


Complemented by a complete line 


of cables and adapters .. .in five colors and 
18-, 24- or 36-inch lengths... pregelled RED DOT Foam Elec- 
trodes ard also available, as are Nongelled Standard and 
Pediatric Electrodes for special monitoring requirements 


BRAND 


MONITORING ELECTRODES 
Medical Products Division 


SMCENTER+SAINT PAUL. MINNESOTA 55101 


For a demonstration of RED DOT Brand Monitoring 
Electrodes and a free supply for your evaluation, please 


complete coupon and mail to: 
Medical Products Division 
3M Company 

3M Center, 223-35 

















Saint Paul, Minnesota 55101. AJC-2 
Name (Ple 

Address 

City TURAE State — Zip Code 
Telephone E o X Area Code rMin.5es 





An hour’s worth of paper. : A week's worth of tapes. 





THE M/D2 

NOW HAS A DATABANK. 
IT DOES WHAT 
PAPER NEVER COULD. 





For all its advantages, 
the writer has always had 
distinct disadvantages. We 
just invented a tool that 
does everything the writer 
does without these hard- 
ships. 

We call it the Databank. 

What the Databank is, in 
fact, is a miniaturized cas- 
sette recording system that 
integrates into the M/D2. 

What it does is record the 
ECG on magnetic tape. 

But Databank does more 
than that. It also allows you 
to note the management of 
a patient verbally onto the 
tape. So you can keep a run- 
ning record of vital signs, 
drug therapy and any other 
pertinent data. 

None of which the paper 
strip could ever provide for. 

With Databank, you 
Jon t have the bulk or the 
mess of paper. You can re- 
cord an hour's worth of data 
on one small cassette. 

And you won t find 
yourself having to turn the 
nachine on and off as 
with a writer. 

And when it's time to 
store your records, they fit 
peatly into a fraction of the 
space that paper takes. 

Most important, since 
you ve recorded the entire 
yrocedure instead of a frac- 


> an 
ea be tal 


tion of it, and since you ve 
been able to note all other 
important data, you can use 
Databank as a powerful 
teaching tool. To say noth- 
ing of the fact that it's a 
more viable legal docu- 
ment. 

Naturally, when you 
want a paper record you can 
have it as well. You simply 
feed Databank's signal into 
the Datascope 790 writer 
and come out with a paper 
strip. Only instead of hav- 
ing to carry a writer out to 
the patient, you can leave 
the 790 on the rescue vehi- 
cle or back at the hospital, 
and transcribe only what 
you need. 

Thelast advantage of the 
Databank is the most obvi- 
ous. It weighs a fraction of 
what a writer does. And it 
attaches to either the M/D2 








case or to the scope itself. 
It makes the M/D2 the 
most portable and complete 
rescue system in the world. 
We've often said that the 
M/D2 was the most flexible 
system you could possibly 
own. loday, it's more so. 
For further information 
about our new model 770 
Databank, write Datascope 
Corp., 580 Winters Ave., 
Paramus, N.J. 07652. 





THE DAIASCOPE 
M/D2 DATABANK 
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when the c case 


-is critical, 





cardiac output 


measurement 





Roche Medical Electronics is advancing the art of cardiovascular 
instrumentation to meet the growing need for improved, more 
efficient intensive care management . ...with a broad range of 
instrument capabilities including: 

| Automatic Thermodilution Cardiac Output Monitor Pre- 
programmed injections and computer-analyzed cardiac output 
curves, at operator-selected intervals... ideal for long term 
monitoring of pre- and post-operative patients. 
Avco Cardiac Output Computer Continuous computerized 
monitoring of the circulatory-assisted patient ...rapid, automatic 
determinations of cardiac output ...an invaluable resource for 
evaluating the efficacy of cardiac assistance. 


tm, measurements using 
ae room temperature 
injectate; automatic 
validation of the dilu- 
tion curve's exponen- 
tiality; standardized, 
pre-calibrated 


~ 





ROCHE 
í MEDICAL 
NICS INC. 


Subsidiary * Hoffmann-La Roche Inc. 
Cranbury, New Jersey 08512 * (609) 448-1200 












is essential 


balloon thermistor catheters... dependable repetitive measure- 

ments are assured. 

Dye Dilution Computer Automatic checking of dilution curve's 

exponentiality; electronic calibration without the need for 

blood/dye samples; sterile, disposable cuvettes .. . accurate 

measurements with operational simplicity. 

Combination Dye/Thermal Dilution Computer By the addition 

of a Thermal Bridge to the standard Dye Dilution Computer, 

maximum flexibility is obtained... versatile performance for all 

patient studies. 

Computer-Based Monitoring allows continuous patient monitor- 
ing with computer processing and 


Thermal Dilution Computer Accurate I ee | display of parameters —tabular, 


so — graphic and trending — including 
cardiac output. 
ROCHE MEDICAL 
ELECTRONICS. .. No line as 
complete, no experience as broad, 
with a nationwide sales/service 
organization to serve your 
needs around the clock. 


O Please call me (Tel___________-___) to arrange a 
demonstration. 

[.] Please send me complete information on your Cardiac Output 
instrumentation. 





Name Specialty 





Hospital 





Address 





City State Zip 
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IN OFFICE, HOSPITAL, 


/TESTING CLINIC PATIENT 


REHAB IN HIS HOME 










CARDIO- 
ULMONAR 






FOR. 


MacLEVY, since 1893, is a prime manufacturer 
of heavy-duty rehabilitation and physical fit- 
ness Equipment...all designed to meet rigid, 
professional standards and to. afford the 
Physician, Testing Lab and Patient trouble-free 
Equipment below competitive prices. 


RETAIL PRICE: $695.00 


Prof. Price: $615.00 
[Includes Delivery any- 
where in Continental U.S] <4 








OPTIONAL ACCESSORIES - Prof. Price 


Adjustable Side Rails - $45.00 
Locking Devise Casters - (4) $30.00 


" 


MOTORIZED JOG MASTER TREADMILL 





Designed for use in home or office by your patients 
who have had a Myocardial Infarction or Cardiac 
Surgery and are in a controlled rehabilitation 


SPECIFICATIONS Lo program, this unit provides controlled exercise the 
Current: 110/120 V z physician describes. The treadmill operates on 
60Cy, AC 110/120 Volt, regular house current and plugs into 

| Length: 62” any outlet. Easy to use...compact...lightweight, the 
Width: 18" Motorized Jog Master Treadmill does virtually 
Height: 40" everything the large, custom therapeutic Equipment 


.Shpg. Wt.: 100 Ibs. can do...and for thousands of dollars less. 


12 Month Warranty 
Simply set the pace control and timer...turn 
switch...unit is ready to operate. Variable pace 
(speed) control is calibrated so that the unit can be 
set for any speed from 0 to 9 mph (from a slow walk 
to a fast run, one mile in 30 minutes to one mile in 6 
minutes). This Motorized Jogger is also suitable for 
use in the Physicians Office. Attractive, Ham- 
mertone Blue Raised Control Console with polished 
aluminum trim blend well with any decor. Unit is 
furnished with illustrated, easy-to-follow instruction 
manual. Hand rails and decorative locking casters 
illustrated above are available at small added cost. 


Quantity Disc. 
-on Request 





PROFESSIONAL MOTORIZED JOG MASTER TREADMILL...Same excellent features as the standard unit shown above, 
however, Professional Model features a powerful one horsepower motor (110/120V) plugs into any outlet, and a special 
elevated control console for ease of operation. This Professional Jogger includes Side Rails and Decorative Locking Ball 
Casters. Motorized raising/lowering mechanism with easy-to-read percent of grade elevation indicator available at ad- 
ditional cost. Write for descriptive brochure and current professional prices. This ruggedly constructed unit will easily 
withstand the demanding usage requirements of Fitness and Stress Testing Labs, Rehab Centers, Physician's of- 
fices...years of trouble-free performance with minimum maintenance...at a sensible, affordable price. Doctor can easily 
prescribe increase in speed as patient progresses in his program. 











RETAIL PRICES995.00 — 
PROFESSIONAL PRICE: $ à ^ 95.00 


MacLEVY | E. Corona Avenue CALL A CALL 2 
PRODUCTS. FORE Bwibust, NYC: N.Y. 1197s TOLL FREE nO) pert COLLECT (212) 592-6550 


MODEL NO. 189A 








as EGER RU m d Edel LC] PLEASE ENTER MY ORDER FOR: 
—. Motorized Jog Master Treadmill(s) 
@$615.00...Total$ . |. 
Accessories: Adj. Side Rails 45.00 
Casters...30.00..Total$ | . 


N.Y.& Fla.Res. add appro. Sales Tax . e$ ——— / 
g Total .. oo 















Address 











City State 
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_TRAINING CYCLE. TESTING LAB 


aan | | | Brake Pressure 
| Adjuster 














MODEL NO. 194T 


RETAIL PRICE - $335.00 $ 
Professional Price: $250.00 € i 
[Includes Delivery Anywhere in ) i 
Continental United States] Height Adjustment 4 







Speedometer 
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WN ee rm. TUNE er 
The Tunturi Ergometer Training Cycle is a BE e Ey EVE E 
ruggedly constructed, easy-to-operate unit e bas $ 
designed to allow precise Physiological Ls, 


E | measurements to be taken during the A a V^ FS = wWÀ 
Exercise period. It features a "Brake Effect "—— . —-3 Ni ^4 MÀ 
Scale", accurately measuring directly from 
the circumference of the fly wheel. Simple 
adjustment at 50 rpm gives a range of kilo 
ponds per minute of 300 to 1800. 


FEATURES 


e Smooth , disc type braking system 


SPECIFICATIONS 
* Built-in speedometer and distance recorder 


MP ase Length - 36" | 
e Built-in timer Width - 18” (Handlebars) 
e 36 pound fly wheel for smooth, stable operation Width - 15" (At Base) 
*QUIET OPERATION makes this unit ideal for use in your office or the Height - 43" (Erect) 
patient's home Height - 25" (Folded Down). 
i * Designed for easy transportation and storage Shipping Wt. - 79 Lbs. | $ 
* Easy seat height adjustment ņ Roane ake 258 





























MacLEV Y 92-21 Corona Avenue CALL CALL Se i : 
PRODUCTS CORP. Elmhurst, N.¥.C.,N.Y.11973 TOLL FREE “°° 221-0277 _COLLECT ET 
JO PLEASE ENTER MY ORDER FOR: i | ee 
— Tunturi 1 Frgometaragsasd, 00... Total Bi NRA N 
E City. | 
Total E eS State Zip Code 
Amount Enclosed RN zi || Phone 
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(isosorbide dinitrate) 


Fasier-splitting tablets for your 
angina patients 






e (E.Z. SPLIT*)' 


ORAL TABLETS 
5, 10, and 20 mg. 
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1. for the physician: precise dosage titration 
2. for the patient: easier compliance 
with your dosage adjustments 


tTITRADOSE® (E.Z. SPLIT®) Oral Tablets, U.S. Pat. Nos. D224591 and 3883647 


- from the leader in antianginal therapy 
- ISORDIL TITRADOSE ORALTABLETS — 555 ma mey be severe and persistent Transient episodes of dizziness 


N ‘ e and weakness as wel! as other signs of cerebral ischemia associated with 
- (isosorbide dinitrate) postural hypotension may occasionally develop. This drug can act as a 

^r physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 












- | *Indications: Based on a review of this drug by the National Academy 
- [of 'Sciences—National Research Council and/or other information, FDA 
= |has classified the indication as follows: 

_ |“Possibly” effective: When taken by the oral route, Isordil is indicated 
- |for the’ relief of angina pectoris (pain of coronary artery disease). It is 
fnot intended to abort the acute anginal episode, but is widely regarded 
~ |as useful in the prophylactic treatment of angina pectoris. 

-. |Final classification of the less-than-effective indications requires further 
= [investigation. 





Consult direction circular before prescribing. 


Mam May we send you reprints, detailed information and/ or professional samples? 
_ Contraindication: Idiosynérasy to this drug. 


E wings: Data supporting the use of nitrites during the early days of the IVES LABORATORIES INC. 


- acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. New York, New York 10017 


—. Precautions: Tolerance to this drug and cross-tolerance to other nitrites DEDICATED TO IMPROVING THE QUALITY OF LIFE ® 


he 


and nitrates may occur. THROUGH MEDICINE® 
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CLINICAL STUDIES 
y EXPERIMENTAL STUDIES 
* ‘SYMPOSIA 
e REPORTS ON THERAPY 
e REVIEWS 
* SEMINARS 
.CASE REPORTS 
DIAGNOSTIC SHELF - 
: HISTORICAL MILESTONES 
ncludes Author Index —and Subject Index 
I subjects: are cross indexed for quick and easy reference 


There is.a limited supply of the 10 Year Cumulative Index 


available — January 1958 through December 1967 — Price | tor information pris tm or other. 
; $10. 00. Whil e supply lasts order both for only $15.00. : p 


| product information: 
‘Please use order form below: 


N E f MCN . Call Toll-Fre 


^c... THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


i Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
"Cumulative Index or Indexes as checked below, 


(Enclosed is my check for $8 for 
:5 YEAR CUMULATIVE INDEX 1968-1972 


a Enclosed is my check for $10 for 
i 10 YEAR CUMULATIVE INDEX 1958-1967 


up Enclosed is my check for $15 for both 
3 “the 5 and 10 YEAR CUMULATIVE INDEXES 
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office ECG unit. No I data p process- 
ing equipment is needed. | 












Patient's comments recorded on 
tape along with ECG. No necessi 




















recording covering het time que ca 
and during the occurrence of symptoms. — 


Cost much lower than other long- 
duration ambulatory ECG systems. 


the Effectiveness of 
mM Facility and Staff 
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PRACTITIONERS" 
DERMATOLOGY 


By Richard L. Sutton, Jr., M.D. and 
Morris Waisman, M.D. 


THE PRACTITIONERS’ DERMATOLOGY is 
written especially for the busy practitioner. 
“Practical medicine, while it differs from academic 
and investigative, is eminently worthy” (Preface, 
The Practitioners’ Dermatology)—this orientation 
pervades every discussion of structure, function, 
etiology and treatment in the book. 


HERE’S WHAT REVIEWERS 

ARE SAYING: 

“A notable contribution to dermatology” 

"The first text in years that uses simple words and no 
circumlocutions and gives straightforward opinions 
and advice" 

"Ideal for practitioners" 

"Will be well received by not only practitioners and 
medica! students but by dermatologists as well" 


Drs. Sutton and Waisman have divided the text 
into 22 chapters; the first 6 present clear, 
understandable discussions of the structure, 
physiology, etiology, diagnosis and treatment of 
the skin and its general dis- 
eases; the last 16 chapters 
present the specific der- 
matoses, abnormalities and 
diseases organized by 
causative factors. Over 600 
illustrations and an excellent 
index round out this com- 
prehensive book. 


“commanset 
dermatology 


YORKE MEDICAL BOOKS, 
666 Fifth Avenue, N.Y., N.Y. 10019 AJC 8/76 
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Please send me copies of THE PRACTITION- 
ERS' DERMATOLOGY. The price is $30.00. 


O Payment enclosed (Publisher absorbs handling 
charge)* 

O Bill me. Add $1.00 for handling charge.* 

Name 

Address 


CRY LL reri dini RAD sanp 





*Foreign orders: Add $2.00 for surface shipment; $4.00 for air 
shipment. In New York State add appropriate sales tax. 


Call our 


Toll-Free number 


for your copy of 
Tektronix complete 
patient monitor 
information package 





, ina Cless b Themselves 
ow” 
You'll get: 


9 Complete Specifications on Tektronix’ 
Broad Line of Portable Monitors and 
Recorders 


0 Price List and Accessory Information 
@ Lease Option Plan Information 


€ Convenient Feature Comparison Chart 
for Matching Needs with Monitoi 
Capabilities 


Call Toll-Free: 


(BOO) 
547-4804 


. We think you'll agree. 
Tektronix portable patient monitors are 
In a class by themselves. 
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m A nara ito" ignore r cason MOst CarGigiOgists — 
insist on Honeywell strip chart recorders: 








IMUM DIAGNOSTI 
INFORMATION 








ig 
It's that simple. a Honeywell maximum 
Honeywell recorders information strip chart 
produce echocardiograms recorder in your next 

that yield maximum echocardiography system. 

diagnostic value. And And if your choice of 
because our records ultrasound scanner 

| provide unequaled manufacturer won't supply 

; resolution and gray scale our recorder, just give 

-—. discrimination, it has us a call. We'll provide 

become the standard you with direct sales 

3 diagnostic media for assistance and a 

` cardiologists. In fact, demonstration to support 

- . ourrecord is so good our claims. 

E PRAE A EATS ANTR Matan Lu For a list of ultrasound manufactu rers that supply 

5 And it’s so popular that the majority of ultra- PONO ‘ys veo mons ruinas 

^ — sound scanner manufacturers include our orm RUD abet ai Se crag WIN 

1 Bob Shipman, Honeywell Test Instruments 

. . recorder in their echocardiography systems. Division, P.O. Box 5227, Denver, Colorado 80217, 

Be sure you'll be getting the best. Specify 303/771-4700. 





Honeywel 


CUSTOM MADE 
VOLUME FILES 


for your copies of 


THE AMERICAN JOURNAL OF CARDIOLOGY 
THE AMERICAN JOURNAL OF MEDICINE 
THE AMERICAN JOURNAL OF SURGERY 





Designed to keep your journals orderly 
and readily accessible for reference. 
Sturdily constructed to guard against soil- 
ing, tearing or misplacement. Comes in 
a rich, washable simulated leather material 
with gold embossed lettering. 


Please specify title of publication and 
quantity of volume files when ordering. 


Prices: $4.95 each, 


3 for $14.00, 6 for $24.00 
U.S.A. ORDERS ONLY. 


JESSE JONES BOX CORP. 
Department YP 
P.O. Box 5120 
Philadelphia, Pa. 19141 
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Call for 
the 
answer 


Toll-free! 


We want to help you 
with your patient 
monitoring needs. 


VU- ee ee ae 
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Ask us about: 


9 Portable patient monitor 
applications ) 


® Technical aspects of monitor 
operation 


® Selecting a patient monitor 


0 Ordering a Tektronix Portable 
Patient Monitor 


Call Toll-Free: 


(800) 
94/-4804 


.. We think you'll agree. 
Tektronix portable patient monitors are 
In a class by themselves. 


TEKTRONIX 
Se 
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For your medical library . . . 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 
Symposium on: 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 


Guest Editor: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


Please tear off and mail. 


AJC 8/76 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 

Radio City Station 

New York, N.Y. 10019 


Send me the following symposium reprints: 


o 


o 


DO 


Electrophysiologic Correlates of 

Clinical Arrhythmias ........... $8.00 
Pre-Hospital Phase of Acute 

Myocardial Infarction ........... $6.00 
Human Heart Transplantation .... $6.00 
DOT TUIS C e es...” $6.00 
Coronary Care Units ........... $6.00 


Enclosed is my check for $ 


Name 





Address 


Ci 


State Zi 


(Please add appropriate sales tax if in New York State and 
New York City) 


| 
| 
| 
| 
| 
| 
| 
| 
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This update on angina is also a test of 
reading speed and comprehension. Each 
booklet presents current information on 
the management of angina. You benefit 
even if you're already the world's fastest 
reader. 














final &otlylty he pation dd not eM wed to misinterpret 


. Groen from anginal attacks as a signal to drop all restrictions. 


SIDE EFFECTS: No serious side effects have been reported. In 
sublingual therapy a tingling sensation (like that of nitroglycerin) 
may sometimes be noted at the point of tablet contact with the 
mucous membrane. If objectionable, this may be mitigated by plac- 
ing the tablet in the buccal pouch. As with nitroglycerin or other 
effective nitrites, temporary vascular headache may occur during 
the first few days of therapy. This can be controlled by temporary 

- dosage reduction in order to allow adjustmentig tha cerebral hemo- 
+ : Vx 
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TERTE NN PCI DOR CENSET RUN LT TE 


S aeS to the initial marked enibi vaisodilation. These head 


aches usually disappear within one week of continuous therapy 
but may be minimized by the administration of analgesics. 

Mild gastrointestinal disturbances occur occasionally with larger 
doses and may be controlled by reducing the dose temporarily. 
HOW SUPPLIED: 10 mg chewable tablets, bottle of 100. Also 5, 10 
and 15 mg scored tablets in bottles of 100. 10 mg scored tablets 
also supplied in bottles of 1,000. 

Also available: Cardilate® -P brand Erythrityl Tetranitrate with 
Phenobarbital* Tablets (Scored). 

(*Warning: may be habit-forming). 


...While you 
read up on 
angina. 


Here is a course that will make 
reading a lot easier. 





It's the new Physicians' Reading 
Efficiency Course by William H. 
Hall, senior faculty member at the 
Reading Institute of New York 
University. | 


The 6 booklets involved — some 140 
pages in all— were developed speci- 
fically for physicians. To make the 
course even more useful, the test 
reading material constitutes a com- 
prehensive update on angina. 


The more you know about angina 
the more you'll want to consider 
Cardilate® (erythrityl tetranitrate) 
to help your patients back to a more 
pain-free, normal style of living. 


Taken in anticipation of stress 
(e.g., exertion, sex, exposure to 
cold, etc.), Cardilate® can effec- 
tively help prevent anginal attacks. 
Rapid-acting chewable tablets pro- 
duce an action within 5 minutes... 
lasting up to two hours. 


If you are not receiving the Reading 

Efficiency Course, simply send a 

note to: 

Lou Am Wellcome Co. 
Research Triangle Park 








} 
( 
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This is the first in a new 6- 
booklet series. You'll find the 
front sections devoted to theory 
and "know-how" to help you 
improve one or more specific 
reading skills. 
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Cardilate 


(ERYTHRITYL TETRANITRATE) 
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Congestive ad [I$ rt Fa ) : u pe Masons Heart Failure — D.T. 


2. Structural Conditions in the Hyper- 


Mechanisms, Evaluation and Treatment | trophied anc Failing Heart — H.M. 


Spotnitz and E.H. Sonnenblick. 
3. Abnormal Biochemistry in Myocardial 


A Must book for your library. This comprehensive and meticulously Failure — A. Schwartz, L.A. Sordahl, 
! , M.L. Entman, J.C. Allen, Y.S. Reddy, 

organized text provides thorough and complete coverage of this common M.A. Goldstein, R.J. Luchi and L.E. 
PE PON, À : Wyborny. 

classification of abnormal heart function. More than 50 of the world’s 4. Ribonucleic Acid Polymerase and 


Adeny! Cyclase in Cardiac Hyper- 
trophy and Cardiomyopathy — K.G. 
Nair, T. Umali and J. Potts. 

5. Myofibrillar Proteins and the Con- 


foremost authorities on the subject are contributors to this important new 
work. Contributors include: Sonnenblick, Schwartz, Wikman-Coffeit, 


j Russell, Feild, tractile Mechanism in the Normal and 
Katz, Gunning, Coleman, Amsterdam, Covell, Rackley, Russ Paliho Heart -i- 9 WadnascConen E. 
Smith, Williams. Fenner, A.F. Salel, T. Kamiyama and 
l D.T. Mason. 
Dean Mason, editor of the book and author or co-author of many of the 6. Effects of Ischemia on the Contractile 
à xs i Ki 2d Processes of Heart Muscle — A.M. 
chapters, has written over 300 original scientific papers on clinical Katz. 
; , ae 7. Alterations of Cardiac Sympathetic 
cardiology and cardiovascular research. An up-to-date authoritative text eror io MEE Rely “IW Goh. 
: ; : gestive Heart Failure — H.L. Ruten- 
on Congestive Heart Failure has been long awaited. Thanks to Dr. berg andi F Sodn^. dr. 
Mason and his colleagues, we will not have to wait much longer. 8. Contractile and Energetic Behavior of 








Hypertrophied and Failing Myocar- 
dium — G. Cooper, IV, J.F. Gunning, 
C.E. Harrison and H.N. Coleman, III. 

9. Regulation of Cardiac Performance in 
Clinical Heart Disease: Interactions 
Between Contractile State, Mechani- 
cal Abnormalities and Ventricular 
Compensatory Mechanisms — D.T. 
Mason. 

10. Peripheral Circulatory Control 
Mechanisms in Congestive Heart 
Failure — R. Zelis, J. Longhurst, R.J. 
Capone, G. Lee and D.T. Mason. 

11. Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects — 
A.E. Amsterdam. 

12. Nature and Significance of Alterations 
in Myocardial Compliance — J.W. 
Covell, 

13. Renal Function and Edema Formation 
in Congestive Heart Failure — M.J. 
Tonkon, S.M. Rosen and D.T. Mason. 

li. Evaluation 

14. Physical Findings in Heart Failure and 
Their Physiologic Basis — R.A. 
O'Rourke and M.H. Crawford. 

15. Echographic Evaluation of Cardiac 
Function — A.N. DeMaria, A.L. Neu- 
mann and D.T. Mason. 

16. Cardiac Catheterization in the Clinical 
Assessment of Heart Disease and 
Ventricular Performance — D.T. 
Mason, R.R. Miller, D. S. Berman, L.A. 
Vismara, D.O. Williams, A.F. Salel, 
A.N. DeMaria, H.G. Bogren, G.L. De- 
Nardo and E.A. Amsterdam. 

17. Catheterization Evaluation of Cardiac 
Function in Acute and Chronic Coro- 
nary Artery Disease — C.E. Rackley, 
R.O. Russell, Jr., R.E. Moraski, J.A. 
Mantle, B.J. Feild and M. Smith. 

Ill. Treatment 

18. Management of Chronic Refractory 
Congestive Heart Failure — D.T. 
Mason, R.R. Miller, D.O. Williams, 
A.N. DeMaria, L.D. Segel and E.A. 
Amsterdam. 

19. New Developments and Therapeutic 
Applications of Cardiac Stimulating 
Agents — J.F. Williams, Jr. 

20. The Digitalis Glycosides: Clinical 


Reserve your trial copy now and receive it right off the press. 
B Approximately 530 double-column pages with 250 
illustrations and extensive references/$35.00 
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"must 
. book” 


DEAN T. MASON, M.D. 
Chief—Cardiovascular Medicine 
| School of Medicine 
Ms University of California, Davis 
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YORKE MEDICAL BOOKS 
666 Fifth Avenue, N.Y., N.Y. 10019 




















AIC 8/76 Pharmacol nd Therapeutics — 
| CONGESTIVE HEART FAILURE DT. Mason E.A Amoran pid d. 
Lee. 
Yes, please reserve copies of Congestive Heart Failure. 21. Ventricular Afterload Reducing 
. Agents in Congestive Heart Failure 
O | enclose payment (publisher absorbs handling charge). Therapy — R.R. Miller, D.O. Williams, 
[] Bill me and add $1.00 for handling charge. j A.N. DeMaria, E.A. Amsterdam and 
C] Foreign Orders: Pre-payment required. Note: Add $2.00 for surface shipment: D.T. Mason. 
$4.00 for air shipment. 22. Myocardial Infarction Shock: 
Mechanisms and Therapy — E.A. 
Amsterdam, A.N. DeMaria, J.L. 
Hughes, E.J. Hurley, A.J. Lurie, D.O. 
EEA 0 ORC HT Be Tn Yogi ped Williams, R.R. Miller and D.T. Mason. 
Address Cae 23 Jof 27 Fn COP. 0S md 23. Antiarrhythmic Agents* Clinical - 
Pharmacology and Therapeutics — 
City — — —State : —Zip . -— — —— D.T. Mason, A.N. - DeMaria. E.A. 
Amsterdam, L.A. Vismara, R.R. 
*In New York State add appropriate sales tax. Miller. Z. Vera and R.A. Massumi. 
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Anew recorder to matc 
the superior performance 


of the SKI Echo System. 


anann Rh » —— 


The new Ekoline 21 Recorder 
brings advanced performance 
features to the SKI Echo 
System —the most outstand- 
ing system of its kind available 
today. The Ekoline 21 provides: 


B Fiber-optic strip chart re- 
cordings with maximum 
grey-scale capability, out- 
standing resolution and 
crisp definition. 


E 8"-wide paper, with space 
for four-parameter traces. 


INTENSITY i 


mm SEC fs 5 | 


E F 
hm 


- SKI Smith Kline Instruments, Inc. 


B Built-in latensifier, variable 
paper speed. 





BI Simplified operating con- 
trols that are both complete 
and logical. 


il Compact size for easy 
portability. 


Bi Strip-chart paper quantity- 
level indicator 


B Traditional SKI quality. 


With the addition of the new 
Ekoline 21 Recorder, SKI now 
offers complete system re- 
sponsibility for all maintenance 
and repair service 





FOOT SWITCH 
IN 


e 





If you would like more details 
about the new Ekoline 21 and 
the SKI Echo System, call or 
write: Smith Kline Instruments, 
Inc., Dept. U, 880 W. Maude 
Avenue, Sunnyvale, CA 
94086. (408) 732-6000. 


SI^ 


A Subsidiary of Smithkline Corporation 








For the special needs of patients 
with hard, dry stools 


Hard, dry stools hurt, and may be hazardous by causing straining. SENOKOT S Tablets offer 
comfortable relief by softening the stool and stimulating its movement. 


Provides standardized senna concentrate, 

a clinically established laxative of choice 

Standardized senna concentrate is a gentle, effective neuroperistaltic stimulant with 
documented effectiveness in thousands of patients. Its virtually colon-specific, gentle, 
predictable action is generally free of side effects at proper dosage levels. 


Provides DSS, the classic stool softener 
DSS in SENOKOT S Tablets complements the laxative effect of standardized senna 
concentrate by “moistening” and softening the stool for smoother and easier passage. 


Comfortable overnight action 
With DSS and standardized senna concentrate, SENOKOT S Tablets provide both softness 


and stimulation for constipated patients with hard, dry stools. Taken at bedtime SENOKOT S 
Tablets usually induce predictable, comfortable evacuation the next morning. 


Purdue Frederick 


© COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
. A8339 178576 


(standardized senna concentrate and dioctyl sodium sulfosuccinate ) tablets 


the" S"stands for softener 
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Computer Electrocardiography 
Prosthetic Valve Endocarditis 


Last Call for Abstracts: ACC 26th Annual Scientific Session 
Philadelphia, February 28 to March 3, 1977 


; Contents on Page A6 
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HydroDIURIL 
(Hydrochlorothiazide | MSD) 


can be given 
once daily _ 
in hypertension 





Ti 
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efficacy 


Of those hypertensive patients who may be controlled 
by HydroDIURIL, as little as 50 mg daily may be 
adequate for some. In others, 100 mg a day may be 
required for satisfactory blood pressure control. A few 
patients may require 200 mg daily in divided doses. 


convenience 


Single daily doses may represent a useful prescribing 
option, and the availability of HydroDIURIL in 50- and 
100-mg tablet strengths makes the option even more 
useful. Once-daily therapy often represents greater con- 
venience and fosters better compliance. (See Addendum 
at right for more dosage details.) 


certain therapeutic 
limitations 


Contraindicated in anuria and hypersensitivity to 
hydrochlorothiazide or other sulfonamide-derived drugs. 
In patients with renal disease, thiazides may precipitate 
azotemia. Use with caution in patients with severe renal 
disease, impaired hepatic function, or progressive liver 
disease. For more details, please see the brief summary 
of prescribing information. 


TABLETS: 25 mg, 50 mg, and 100 mg 


HydroDIURIL 
(Hydrochlorothiazide | MSD) 


MSD . 


SAR Ke  Forabrief summary of prescribing information, 
HM please see following page. 


Recommended 

Dosage of 

HydroDIURIL 
(Hydrochlorothiazide, MSD) 
in Hypertension 


Starting Dosage 

The usual adult starting dose is 
50 mg or 100 mg as a single or 
divided dose. For many 
patients, the 50- or 100-mg 
tablets allow once-daily ad- 
ministration for convenience. 


Adjusting Dosage 

Dosage is increased or de- 
creased according to the blood 
pressure response of the 
patient. 


Maximum Dosage 

Some patients may require up 
to 200 mg daily in divided 
doses. These patients may also 
benefit from the convenience 
of the 100-mg tablet. 


Use with Other 
Antihypertensive 

Agents 

HydroDIURIL often enhances 
the effect of other antihyper- 
tensive agents. Careful ob- 
servation for changes in blood 
pressure must be made when 
this compound is used with 
other antihypertensive drugs, 
especially during initial therapy. 
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Insulin requirements in.diabetic patients may. 
be increased, decreased, or unchanged; later 
diabetes mellitus may become. manifes 
Thiazides may increase responsiven 
tubocurarine. Antihypertensive effects J 
drug may be enhanced.in postsympathectom 

patients. May decrease arterial respons 
to norepinephrine; this diminution is no 
cient to preclude effectiveness of the. 
agent for therapeutic use. If progres: 
impairment becomes evident, conside 
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- holding. or discontinuing diuretic: 
 Thiazides may decrease serum: PBI je 
out signs of thyroid. disturbance: Ca 
cretion is decreased by thiazides. Pat c 
changes in the parathyroid gland with hyper 
calcemia. and hypophosphatemia hi 
: E | observed in a few patients on. prolon, 
a soll, not. bé given ‘with diuretics because they therapy; thiazides should be discontinued before testing. for para yt 
al clearance and add a do risk a lithium V Read circulars . function. | 
Adverse Reactions: Gastrointestinal System— m gastric. irritati 
nausea; vomiting; cramping; diarrhea; constipation: jaundice (intrahep 
cholestatic jaundice}: pancreatitis; sialadenitis. — 
Central nei System —Dizziness; vertigo; paresthesias; headaches xanthop 
Hematologic— Leukopenia; agranulocytosis: thrombocytopenia; a 
anemia. 
Cardiovascular— Orthostatic hypotension (may be aggravated by alcohol 
turates, or narcotics). 

Hypersensitivity—~Purpura: photosensitivity; rash; urticaria; necrot 
angiitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress includ E 
pneumonitis; anaphylactic. reactions. 
Üther— Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness 
restlessness; transient blurred vision. 
Whenever adverse reactions are moderate or severe, thiazide dosage shoul e. 
reduced. or therapy withdrawn. 
Note: When used with other DU icd careful | observati 
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Send today for 
your professional sample. 










We are anxious to have you try American's new Writer* Best of all, this pleasant to use, premium quality ECG 
| Electrode Gel and will mail you a four-ounce tube or gel is priced with most ordinary gels. 
N bottle for your evaluation. 
Why do we think Writer Gel is so special? RRR rear ober cheese pe NAM C 
Because Writer Gel delivers a clean signal and rapid į Please send me a sample of American Writer Electrode Gel. g 
baseline stability—but without the gritty particles some- ie shoe 8 ake two U 
times found in other gels. [L Four-ounce tube Writer Gel l 
Since it is slow-drying, Writer Gel reduces the i c]. Foureuhea beds elec: Hiza) : 
chances for poor traces resulting from crusted gel on § — (Please print clearly or type) Dayton, Ohio 45401 l 
electrodes. And it takes the technician less time to 4 l 
clean electrodes and electrode sites. i Name l 
ECG technicians en joy the smoothness of Writer ". Depertmént [E 
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TO FUROSEMIDE 


WHEN CONSERVATION OF 
POTASSIUM BALANCE IS DESIRED | 


‘Dyrenium’ helps the patient retain essential potassium stores i 
even during the first critical days of vigorous therapy with | 
potent diuretics and digitalis. i: 
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When used with another diuretic, 'Dyrenium' has an additive 3 
effect, so initial dosage of both agents should usually be x 
reduced; careful supervision and dosage adjustment are T à 
required. K+ supplements should not be given unless ¥ 
dosage adjustment fails to reduce excessive K * loss, hypo- l 


kalemia develops, or dietary K * intake is markedly reduced. 
Hyperkalemia can occur, but it is rare in patients with normal 
renal function. Serum K * and BUN should be checked 
periodically, particularly in elderly patients, diabetics, or 
those with suspected or confirmed renal insufficiency. 


Before prescribing, see complete prescribing information in al 
SK&F literature or PDR. The following is a brief summary. > 
*Indications: Edema associated with congestive heart failure, j 
cirrhosis and nephrotic syndrome; steroid-induced edema, n 
idiopathic edema, edema due to secondary hyperaldosteronism, T 
to increase diuresis in patients resistant to other diuretics alone. 4 ond 


Contraindications: Severe or progressive kidney disease or 
dysfunction (possible exception: nephrosis). Severe hepatic 
disease. Pre-existing elevated serum potassium. Hypersensitivity 
to the drug. Continued use in developing hyperkalemia. Do not 
give potassium supplements, either by drug or by diet. 


Warnings: Observe regularly for possible blood dyscrasias, liver 
damage or other idiosyncratic reactions. Blood dyscrasias have 
been reported. Check BUN and serum potassium periodically, 
especially in the elderly, diabetics, and those with suspected or 
confirmed renal insufficiency. Use in pregnancy only when 
essential to patient welfare. 


Dyrenium (triamterene, SK&F) and spironolactone are not 
usually used concurrently; if they are, however, frequent serum 
potassium determinations are required. 


Precautions: If hyperkalemia develops, withdraw the drug. The 
following may also occur: electrolyte imbalance, low-salt syn- 
drome (with low salt intake), reversible mild nitrogen retention, 
decreasing alkali reserve with possible metabolic acidosis. Do 
periodic hematologic studies in cirrhotics to check for nondrug- 
related variations in blood pictures, and in patients with folic acid 
depletion, since Dyrenium may contribute to appearance of 
megaloblastosis. Concomitant use with antihypertensive drugs 
may result in an additive hypotensive effect. When ‘Dyrenium is to 
be discontinued after intensive or prolonged therapy, withdraw 
gradually because of possible rebound kaliuresis. 


Adverse Reactions: Diarrhea, nausea and vomiting (may indi- 
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cate electrolyte imbalance), other gastrointestinal disturbances, SIS El rr 
weakness, headache, dry mouth, anaphylaxis, photosensitivity, CO. 

elevateduric acid, rash. E 
Note: When combined with another diuretic, the initial dosage of Carolina, P.R. 00630 d 


each agent should be lower than recommended. 


Supplied: 50 and 100 mg. capsules, in bottles of 100 and in Subsidiary of SmithKline 
Single Unit Packages of 100 (intended for institutional use only). Corporation 


. 24 
[NP e RH DNA: 


NTENTS IN BRIEF _ 


CLINICAL STUDIES - d à a Surgical Correction in Complete Levotinoepoaltie: of tie 7 


ale 2 Arteries With an Unusual Subaortic Ventricular: Septal | De 
nalysis of 22 
heti Valve Endoc LT 2d T T4 Màc: Christopher Lincoln, Joachim n Hasse, | se, Robert H. / Anderson and 
Infective Endocarditis involving N Natural Shinebourne i | 
| Asymmetric Distribution of the Pulmonary Blood. Flow Bet 
the Right and Left Lungs in d-Transposition of the Great / 
Alexander J. Muster, Milton H. ‘Paul, Albertus van. Grond 
James J. Conway 


REVIEW 


Limitations of the Computer in Eecrocardograpi 
Cesar A. Caceres 


CASE REPORTS 


Prolapse of the Mitral Valve (Floppy Valve) Associat 
stein’s Anomaly of the Tricuspid Valve. Williarr 

Glancy, Ronald P. eningen, Py Je ‘Maron ^ and 

stein | z 
Congenitally Corrected ‘Transposition of {the Great 
calization of the Site of Complete Atrioventricular Bios 
Bundle Electrograms. James R. Foster, ‘Anthony. ND Dam 
rence E. Kline, Masood Akhtar and Jeremy. N. Rüskin 


Pathologic Correlations in a Case of Comple Heart 

- Split His Potentials Resulting. From a Stab Wound o 
Saroja Bharati, William D. Towne, ‘Ramest 1 Patel, Ma 
Shahbudin H. Rahimtoola and Kenneth M. -Rosen 


EDITORIALS 


Computer aep of the * Electrocardiogram. € Char 
irand 


SPECIAL DEPARTMENTS 


Letters to the Editor — o 

Nervous System and Inotropic Effect of Digitalis in Do 

al | P 
Glycolysis and Electrogenesis---Cartionla and pie: 
Efficacy of Long-Acting Nitrates. 1. Subling gual v 
istration—Needlemanetal. |. ^ 
Efficacy of Long Acting Nitrates. it. Pero a 1505 rbide 

EST Jerie ` Gr 

the Hypoplastic Left Heart Syn- _ Late Supernormal Excitation—Preston and loa 

Henry a and Edward W. Green 404 American ee of Cardiology N New 













| The "no coffee" edict needn tbea opio foc many jot 
your patients —even the heavy coffee drinkers among 
them. That's because SANKA’ brand decaffeinated 
coffee is 97% caffein free and 100% pure coffee, with 
the taste your patients have come to enjoy. 

Even more important, from a medical point of view, 
it is ideal for patients who benefit from diets low in 
sodium (only 0.3 mg. per cup)* and high in potassium 
(a full 90 mg. per cup)* 

In order to help you and your patients discover the 
benefits of drinking America’s third largest-selling 


*Coffee is naturally low in sodium and high in 
potassium. There are 15 milligrams of so- 
dium in each 100 grams of Freeze-Dried 
Instant SANKA" brand decaffeinated 
coffee. Each 2 grams (the usual serv- 
ingper6fl.oz.cup)contains 90 milli- 
grams of potassium and only O.3 
milligrams of sodium. All milli- 
gram figures are researched 

approximates 














ie mA b. 18 riian people 
away from home virtually everywher 
prepared a FREE physician's Eit. kit. Init, 
find 10 patient-information folders, explaining th 
advantages of restricting caffein intake and bua. 
two sample packets of SANKA” brand decaffeinated _ : T: | 
coffee plus a 50€ refund certificatetowardtheir — es 
first purchase. ..and for you, an informative brochure, tes 
The “No Coffee" Edict, a physician-information folder — - 
containing two sample packets, and a certificate 
entitling you to a complimentary four-ounce jar. 
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VVI ICI one Tecadead 

a lithium pacemaker 
back in 1972, CPI 
had it ready 


CPI was there 4 years ago, when a reliable 
lithium-powered pacemaker was needed. It was 
CPI that pioneered the successful use of lithium 
pulse generators for cardiac pacing. As a result, 
since 1972, physicians have used CPI pacemakers 
for effective long-term patient treatment in over 
12,000 men, women and children. 


CPI lithium pacemaker technology has had 

more successful clinical experience than any other 
lithium pulse generator in the industry and is 
already into its second generation 


This second generation is MINILITH® It is one 

of the smallest, lightest, lithium-powered pacemakers 
available for clinical use today. Since 1974, there 
have been more than 2,000 documented implants. 
The MINILITH, with its reliable lithium power 
source, IS warranteed for 4 years. Its hybrid circuitry 
is built to meet rigid performance standards: 
redundant hermetic sealing ensures total isolation 
from the body's moist, hostile environment. 


MINILITH's compactness and lighter weight 

assure patient comfort. At the same time, CPI's 
technology, high quality assurance standards, and 
years of experience provide the physician with 
ensured pacemaker longevity and dependable 
reliability. And a potentially longer, more comfortable 
life for the patient. 


That's been the primary benefit since we pioneered 
lithium pacemakers, back in 1972. 


...of the three 

major pacemaker 
companies, 

CPI is No. 4 in lithium. 





(O } 5 
CARDIAC PACEMAKERS, INC. 


1140 RED FOX ROAD 

ST. PAUL. MINNESOTA 55112 USA 

TELEPHONE: (612) 483-6741 

CABLE: CARDIAPACE. ST PAUL/TELEX 29-7049 








For /out of 10 patients, 


your present defibrillator _ 
may be powerful enough. 


But more important, foi 
3 out of 10 it may not be. 
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Recent studies of de- 
fibrillation have disclosed 
some disquieting facts: *‘the 
success rate for defibrillation 
of human adults is only about 
65% with defibrillators which 
deliver 300 watt-seconds 
of energy. * And "the prob- 
ability of defibrillating a sub- 
ject who weighs over 220 
pounds is extremely low. ° * 
These studies have produced 
the following finding: ‘‘virtu- , 
ally all defibrillators nowin $ 
use have inadequate output 
to defibrillate many human 
adults...’’* 

Because of this, we 
developed the Datascope M/D2J. Á queso 
defibrillator capable of delivering not 300, or the 
widely available 320, but 460 watt-seconds of 
energy. Fully 1/3 more energy than most any other 
portable defibrillator made today. 

Which means,very simply, that you have 
more capability when you need it. 

But the Datascope M/D2J doesn t just de- 
liver more energy than other defibrillators. It tells 

you more about what it's delivering. 

Itis the only defibrillator in the world that 
reads the current delivered 3 
to the subject during de- 
fibrillation. (Energy 
produces current. But 
current is what produces 


r rs: 
*TACKER, JR., W.A.: ELECTRICAL DOSE FOR JATASCOPE 
DEFIBRILLATION. CARDIAC DEFIBRILLATION 
CONFERENCE, PURDUE UNIVERSITY, 


PGS, 121-7, OCT. ‘75. 
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offers the finest non-fade monitor of any 
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defibrillation. Which is wit 1 
current is the truly meaning- - 
ful measure.) It also reads 
selected delivered energy. 
And delivered energy intoa — 
built-in test load. And instead 
of test lights, or ready lights, - 
all readings are precisely — — 
shown on a bright digital — 
display. 
To this point, we’ ve 
been discussing the M/D2J . 

as if it were merely a defibril 
lator. Of course, it’s amon- — 
itor/defibrillator. The defib- 
rillator is an impressive part. - 
But the other parts are equal- 
| lyimpressive. The M/D2J ` 
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monitor/defibrillator in emergency medicine. 
And it offers the new Databank. The first 
cassette recording system in emergency medicine. 
An instrument that does away with the bulk of 
paper recording while allowing you to record not 
merely ECG, but also to record the detailed 
management of the patient verbally onto the tape. 
Which means that in addition to offering 
more energy, our system offers more capability 
than any lit defibrillator in the world. 4 
| um] Formore | 
information on the 
new M/D2J, write: 
Datascope Corp., i 
580 Winters Avenu 
Paramus,N.J. 0765 


5 
The new MID2J — . 
with Databank. | 
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There are alot of ways to say stable" 
when you're dealing with nitroglycerin. 
That's why the testing of Nitrostat includes tests 
to simulate, as closely as possible, the actual conditions 
of use. | 
For example. we test for wickability— a Parke-Davis 
test (the time in seconds required for water to wet the 
tablet completely by capillary action under controlled 
conditions) to simulate under-the-tongue conditions. 
Heat-stable? Yes. Up to 45 C (113 F). considerably 
higher than “vest pocket” temperatures. 








*Fusari SA: Data on file. Parke, Davis & Ci 
lar for the 0 4-mg and the 06-mgs atren gths 


ane any, De n. (Test results were simi- 


Potency and Content Uniformity? The average assay 
still shows almost 100% of label claim more than 30 
months after manufacture. What's more. the crucial 


For the 
“ultimate test” of 
Stability... 


prescribe a 
nitroglycerin with 
proot of stability. 


question of maintenance of content uniformity of nitro- 
glycerin is answered by Nitrostat as proved by assay: 
less Chance of your patient taking a superpotent or, more 
important, a subpotent tablet. 

Disintegration? We test it using the USP test in 800 
ml of water. All tablets usually disintegrate within 30 sec- 
onds (USP limit = 2 minutes). 

Dissolution? Using NF Method T, we show greater 
than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be decisive. 
But taken together, they add up to a good reason to 
prescribe Nitrostat. 


Nitrostat 


(nitroglycerin tablets, USP) 


0.3 mg (1/200 gr) — 0.4 mg (1/150 gr) — 0 


sublingual tablets 
Stabilized formula 


0.6 mo (17100 gr) 


Available in bottles of 100 
and Convenience Packs of 25 
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 «chiorthalidone) 
blocks sodium retention longer 





Diuretics reduce blood pressure by blocking 


sodium retention to lower “effective” volume. But 
the body's renal compensatory mechanisms are 


mobilized to promote a secondary sodium 


conservation, expand “effective” volume and 


perhaps reelevate blood pressure. Sustained 
control of “effective” volume is therefore 


essential to treatment. No other diuretic blocks 


sodium retention longer than Hygroton. 


Provides sustained control 


Since the effects of Hygroton are exerted over a 
24-hour period, sodium diuresis is gradual and 
prolonged. At the renal tubular level, Hygroton 
thwarts attempts of the renin/angiotensin/ 
aldosterone system to conserve sodium, thus 
keeping "effective" volume and blood pressure 
down. Inadequate doses of diuretics may permit 
the renin/angiotensin/aldosterone system to 
prevail, but Hygroton helps inhibit it through . . . 
a “24-hour sentry” effect 


Enhances patient compliance 


The “24-hour sentry” effect of Hygroton allows 
once-a-day administration. This uncomplicated 
regimen encourages patient compliance 
through simplicity and economy. Proven efficacy 
and compliance have made Hygroton one of the 
most widely prescribed diuretic/antihyperten- 
sives for mild to moderate hypertension today. 


Hvoroton 


the 24-hour sentry 


For effective once-daily therapy 
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BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. 
Contraindications: Anuria, hypersensitivity to chlorthali- 
done; routine use of diuretics in an otherwise healthy preg- 
nant woman with or without mild edemais contraindicated 
and possibly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic function 
or progressive liver disease. May be additive or potentiative 
of the action of other antihypertensive drugs. Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Usage in women of childbearing age 
requires that the potential benefits of the drug be weighed 
against its possible hazards tothe fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, and 
possibly other adverse reactions which have occurredin the 
adult. In nursing mothers, thiazides cross the placental 
barrier and appear in cord blood and breast milk. Precau- 
tions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed 
at appropriate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic alkalo- 
sis, and hypokalemia. Serum and urine electrolyte determi- 
nations are particularly important when the patient is 
vomiting excessively or receiving parenteral fluids. Medica- 
tion such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any 
other potent diuretic, especially with brisk diuresis, when 
severe cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral 
electrolyte intake will also contribute to hypokalemia. Digi- 
talis therapy may exaggerate metabolic effects of hypokale- 
mia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot 
weather. Hyperuricemia may occur or gout be precipitated 
in certain patients. Insulin requirements in diabetic patients 
may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone 
and related drugs may increase the responsiveness to 
tubocurarine. The antihypertensive effects of the drug may 
be enhanced in the postsympathectomy patient. Chlor- 
thalidone and related drugs may decrease arterial respon- 
siveness to norepinephrine. If progressive renal impairment 
becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of ji 
therapy is necessary with consideration given to withhold- 

ing or discontinuing diuretic therapy. Chlorthalidone and 

related drugs may decrease serum PBI levels without signs 

of thyroid disturbance. Adverse Reactions: Anorexia, gas- 

tric irritation, nausea, vomiting, cramping, diarrhea, con- 

stipation, jaundice (intrahepatic cholestatic jaundice), 

pancreatitis; dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, thrombocy- 

topenia, aplastic anemia; purpura, photosensitivity, rash, 

urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculi- 

tis), Lyell's syndrome (toxic epidermal necrolysis). Ortho- 

static hypotension may occur and may be aggravated by 

alcohol, barbiturates or narcotics. Other adverse reactions 

include hyperglycemia, glycosuria, hyperuricemia, muscle 

spasm, weakness, restlessness, impotence. Whenever 

adverse reactions are moderate or severe, chlorthalidone 

dosage should be reduced or therapy withdrawn. Usual 

Dose: Onetablet daily. How Supplied: Tablets— 100 mg. 

(white, scored) and 50 mg. (aqua) in bottles of 100 and 

1000; PAKs of 28 tablets, boxes of 6. 


... during episodes of emotional stress 


SUMMARY OF PRESCRIBING INFORMATION 
*| indications: Based on a review of this dr ug by The National Academy 
of Sciences— National Research Council and/or other information, 
FDA has classified the indications as follows 
“Probably effective: The chewable dosage form of SORBITRATE 
is indicated for the treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks 
Final classifications of the less-than-effective indications requires 
further investigation. . . — à— A . € — 
Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety 
Precautions: Tolerance and cross tolerance to other nitrates may occut 
Adverse Reactions: Headache which may be severe and persistent. Low- 
ering the dose and using analgesics will help control the headaches which 
usually diminish or disappear as therapy is continued 
Adversereactionsseen occasionally: Cutaneous vasodilation with flush- 
ing; transient dizziness and weakness as well as other signs of cerebral 
ischemia associated with postural hypotension, individual marked sensi- 
tivity to the hypotensive effects of nitrates wherein severe responses can 
occur even with the usual therapeutic dose (alcohol may enhance this 
effect); drug rash and/or exfoliative dermatitis 
Thisdrugcanactasa physiological antagonist to norepinephrine, acetyl- 
choline, histamine and other agents 
Dosage and Administration: /ndividual Dose: To minimize hypotensive re- 
sponses, which may occasionally be severe with chewable doses as low 
as 5 mg., the smallest effective dose should be employed. Chewable tab- 
lets are generally given in doses of 5 mg 
Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE 


(Isosorbide dinitrate) may be taken for prompt relief of angina pain three or 
four times daily. Although the onset and duration of effect of coronary 
nitrates may vary, following is the generally reported range of these values 
for CHEWABLE SORBITRATE 

Onset of Effect: Two to five minutes 

Duration of Effect: One to two hours 


CHEWABLE 
SORBITRATE. smo. 


(ISOSORBIDE DINITRATE) 


UP TO 2 HOURS OF 
ANGINA PROTECTION. 
AT MEALTIME...AND ANY 
OTHER TIME OF STRESS. 


STUART PHARMACEUTICALS | Wilmington, DE 19897 
Division of ICI United States Inc 





lyocardial Infarction in Young Women | 
fe DOUGLAS c. M ARIS, J. ‘WILLIS HURST and R. BRUCE LOGUE 


| In this study of nen with myocardial infarction under age 40 years, , coronary ather 3 
sclerosis. was the cause in. 20 and a nonatherosclerotic coronary occlusive | rocess in 
. including 2 with coronary. embolism, and 1 each with lupus erythymatosus and coronal 
_ dissection. One or more significant risk factors could usually but not always be do 
T» “mented i in the patients with coronary atherosclerosis. The clinical presentation of myocar 
< dial ischemia. was s similar to that seen in the population as a whole. pM X 


l Reappraisal of the ] netional Significance of the Coronary Collateral Circulation 
: ROBERT. A HAMB ! Des AINTABLIAN and ANDREW SCHWARTZ m 


=- giographic finding of anterior wall. asynergy in rithüse with ostruéfion. of the left ante 
-descending artery (127. patients) without collateral vessels. The evidence indicates q 
Der -collateral circulation plays a significant protective role in the presence of obstruction 
de the left anterior descending but not of the right coronary artery | ; 


EXPERIMENTAL TUDIES - 


i LIONEL H OPE. 


E 7 i P | This s study c confirms previously reported benefits of gucose-nsuli potassium solution o o 
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A stereo with the high-frequency range to tweet trocardiograph Technician Training Program, 
the piccolos and the low-frequency response to which demonstrates, among other things, 
boom the cannons of “The 1812 Overture" will the proper technic for avoiding somatic trem- 
also hiss the dust of the record. Similarly, an or artifact. And the Burdick AC Interfer- 
electrocardiograph, such as the Burdick ence Locator, a device for identifying the 


— EK-5A, that's hi-fi enough to register minute source of electrostatic or electromagnetic 





voltages important to accurate diagnosis, will interference. 

also register subtle interference, or artifact. With the combination of an EK-5A, thorough 
But we think you shouldn't have to take the bad technician training, and a proper environment, 
with the good. That's you get precise, 
why, along with our TS OE e ———— 49  àrtifact-free ECGs. Fora 


demonstration of the 
EK-5A, information on 
the training program, 
or an interference 
survey, call toll-free 
800-356-0701. In 
Qo Wisconsin: (608) 
. M 868-7631. Or write 
" M, The Burdick Corpo- 
ration, Milton, Wis- 
consin 53563. 


EK-5A—which we de- 
signed around a new 
concept of rec- 
tilinear recording, to 
produce a higher- 
fidelity ECG—we 
developed a couple 
of things you can 
take advantage of 

at no charge: The 
Burdick Elec- 


BURDICK 
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where straining at stool may be hazardous 


Effectively help avoid straining 


Clinicians have recommended that SENOKOT laxatives be used routinely to avoid constipation in cardiac 
patients, as a possible means of reducing deaths and accidents due to straining at stool.’ Routine use of 
SENOKOT laxatives for cerebrovascular patients has also helped prevent effects of excessive straining which 
may lead to transient cerebral ischemia in the elderly.2 


Flexible, individualized dosage 

SENOKOT Tablets/Granules permit dosage adjustment for regular 
and comfortable evacuation, according to patient requirements. A gen- 
tle, predictable overnight laxative, SENOKOT preparations are usu- 
ally free of side effects at proper dosage levels. With their virtually 
colon-specific action, SENOKOT Tablets/Granules are compatible 
with other medication patients may be taking. 

















References: 1. McGuire, J., et a/, cited in Exton-Smith, A. Norman: Constipation in 
Geriatrics, in Management of Constipation, edited by Sir Francis Avery Jones and 
Edmund W. Godding, Oxford, Blackwell Scientific Publications, 1972, p. 162. 2. 
Halpern, A., et al, cited in Exton-Smith, A. Norman, ibid. 3. Godding, E. W.: 
Therapeutic Agents, in Management of Constipation, op cit (ref. 1), p. 65. 
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of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 





*^ & in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 

febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 

Cal 1ac ar E mia with renal disease resulting in significant azotemia, or those developing 

cardiotoxic effects such as conduction defects; ventricular premature 

ment, particularly with congestive failure, poor renal function, and 

especially renal tubular acidosis. 
should constantly be considered; especially during the first weeks of 
® therapy. 

W en e e Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 

bocytopenic purpura, and respiratory embarrassment. Extreme caution 

graphic monitoring, and possibly plasma quinidine levels, is indicated 

when large doses are used, or with patients who present an increased 

E a d 
W e e dg So ee ) | dosage will vary with each individual patient. With the dosage regimen 
* 

- € ^ ye As with other quinidine products, Quinaglute Dura-Tabs should not 

Quinaglute* Dura-Tabs* (quinidine gluconate) be used during pregnancy. 


e 

9 Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
W with partial A-V or complete heart block, or intraventricular conduction 
| beats, ventricular tachycardia or flutter while on the drug. It may be 
à Precautions: The precautions to be observed include all those applicable 
should be exercised in using the drug in patients with severe heart 

risk. 
every 12 hours, the blood levels may be too low to maintain normal 
Adverse Reactions: The patient should be advised to report immediately 


defects, especially those exhibiting a marked grade of QRS widening; 
contraindicated in certain patients who have marked cardiac enlarge- 
9 $ to quinidine. A preliminary test dose of a single tablet of quinidine 
me Ica 1011 mos sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 
e 8 disease and congestive heart failure, with digitalis intoxication, or renal 
as 1 e O e 1 insufficiency. It should be administered cautiously, if at all, to senile 
* ağ patients. Hospitalization for close clinical observations, electrocardio- 
As with all quinidine preparations, the titrating of the exact quinidine 
sinus rhythm. 
to the physician any symptoms of cinchonism (including tinnitus, de- 


'es sustained ser inidine levels. thus creased auditory acuity, vertigo, blurred vision, color perception dis- 
" produces sustained serum quinidine levels, thus turbances, photophobia, diplopia, night blindness, scotomata, reduced 
HA p ac 'onie ? |[aOe CC > visual fields, mydriasis and respiratory distress). 

providing a convenient 8 or 12 hour dosage schedule ee sii secl. comptents devilep, arieavigene’ai IRR ARES 
e usually insures u ninterrupted therapeutic q uinidine the drug should be discontinued. Gastrointestinal disturbances have only 
rarely been reported. If they occur, they may be minimized by admin- 
gluconate lev els d uring sleep istering the drug with food. If they persist, dosage should be decreased. 
: 2 n Dosage: For the prevention of premature atrial, nodal or ventricular con- 

* av oids peaks and V alley S in plasma lev els d ul ing tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 
W hich time the arrhy thmias may recur Before prescribing or administering, please refer to QUINAGLUTE full 


d à : ; product information. 
e maintains normal sinus rhythm following conversion 


by other techniques 
* well tolerated to enhance patient cooperation LS Laboratories, Inc. 
few G.I. disturbances Wayne, New Jersey 07470 


Quinaglute Dura-Tabs 


(quinidine gluconate) 5 gr. (033 Gm.) 
_. tohelp maintain the atit ) 
Ta all through the night 
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CASE REPORTS 


377  Prolapse of the Mitral Valve (Floppy Valve) Associated With Ebstein's Anomaly of the 
Tricuspid Valve 


WILLIAM C. ROBERTS, D. LUKE GLANCY, RONALD P. SENINGEN, BARRY J. MARON and 
STEPHEN E. EPSTEIN 


This report presents the clinical and postmortem features of a previously undescribed as- 
sociation of a prolapsed mitral valve with Ebstein's anomaly of the tricuspid valve in two 
women. 


383  Congenitally Corrected Transposition of the Great Vessels: Localization of the Site of 
Complete Atrioventricular Block Using His Bundle Electrograms 


JAMES R. FOSTER, ANTHONY N. DAMATO, LAWRENCE E. KLINE, MASOOD AKHTAR and 
JEREMY N. RUSKIN 


His bundle studies disclosed that the spontaneous rhythm originated from the bundle of His 
in this 20 year old man with congenitally corrected transposition of the great vessels and 
complete atrioventricular (A-V) block proximal to the bundle of His. The responsiveness of 
the rate of bundle of His to carotid sinus massage and atropine suggests that vagal maneu- 
vers may fail to differentiate between junctional rhythms of bundle of His and A-V nodal ori- 


gin. 


388 . Pathologic Correlations in a Case of Complete Heart Block With Split His Potentials 
Resulting From a Stab Wound of the Heart 


SAROJA BHARATI, WILLIAM D. TOWNE, RAMESH PATEL, MAURICE LEV, 
SHAHBUDIN H. RAHIMTOOLA and KENNETH M. ROSEN 


A stab wound of the heart in a previously well 23 year old man caused a ventricular septal 
defect and complete atrioventricular block. Despite electrophysiologic evidence of a bifur- 
cation of the bundle of His 26 days after the trauma, postmortem examination three years 
later showed its total absence, presumably due to fibrosis of the bifurcation produced by 
hemodynamic changes at the lower margin of the ventricular septal defect. 


EDITORIALS 


394 Computer Analysis of the Electrocardiogram 


CHARLES A. BERTRAND 


Continued on page A24 
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397 Letters to the Editor 


Nervous System and Inotropic Effect of Digitalis in Dogs—Gillis et al. 

Glycolysis and Electrogenesis—Carbonin and Opie 

Efficacy of Long-Acting Nitrates. |. Sublingual Versus Oral Administration —Needleman et 
al. 

Efficacy of Long-Acting Nitrates. Il. Peroral Isosorbide Dinitrate—Jerie 

Late Supernormal Excitation—Preston and Igarashi 


404 American College of Cardiology News 
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The reels are turning nationwide. No matter where 
you are in this vast country, there is an Avionics Equipped | 
Scanning Service or Center near you. Equipped with 
the documented instrumentation in the field of Holter | 
Monitoring™ —Avionics Dynamic Electrocardio- | 
graphy® Systems. | 

— There are now over 50 Avionics Equipped Scanning | 
Operations throughout the country offering a wide variety | 
of options for your particular Holter Monitoring Program. | 
Whether you decide to purchase, lease, rent or borrow, | Name and Title 
| 
| 
| 
| 
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AVIONICS ~” 


a division of Del Mar Engineering Laboratories 
1601 Alton Avenue at Redhill, Irvine, Ca 92714 


[] Please send me the latest Avionics literature and list 
of Avionics Equipped Scanning Services/Centers. 





Avionics new 2-channel 445 Mini-Holter Recorders are 











available. And Scanners are ready to serve. Organization 
For the latest literature and nationwide list of Avionics 
Equipped Scanning Services/Centers, mail coupon. Address 
City | State Zip 
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Peritrute SA sustained Action 
(pentaerythritol tetranitrate) 80mg 

CAUTION: Federal law prohibits dispensing 
without prescription. 

Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythritol 
tetranitrate 80 mg (20 mg in immediate 
release layer and 60 mg in sustained release 
base). Peritrate* (pentaerythritol tetrani- 
trate) isa nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug 
by the National Academy of Sciences - 
National Research Council and/or other 
information, FDA has classified the indica- 
tions as follows: 

Possibly” effective: Peritrate ( penta- 
erythritol tetranitrate), is indicated for the 
relief of angina pectoris (pain associated 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode but. it is widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 
infarction (the period during which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinuation of medication) 
and headache and gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In some cases severe 
persistent headaches may occur. 

In addition, the following adverse reactions 
to nitrates such as pentaerythritol tetranitrate 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasionally 
develop. 

(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty stomach), ! tablet immediately on 
arising ond I tablet 12 hours later. Tablets 
should not be chewed. 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 

(N 0047-0004-60). Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-11). 

Additional Dosage Forms: Peritrate 20 mg— 
light green, scored tablets in bottles of 100 

(N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also in unit dose — package of 10 x 10 strips 

(N 0047-0001-11). Peritrate 10 mg — light green, 
unscored tablets in bottles of 100 (N 0047- 
0007-51) and 1000 (N 0047-0007-60). 

Full information is available on request. 





DV iit 


Eo 
— 


€ 


For over 22 years, Peritrate* has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
aL xd patients Peritrate used prophylactically 
"LLL helps decrease the frequency and sever- 
| ity of angina attacks" With minimal 
side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


j ritrat ! oi 
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Div. Watner.Lambert Company 
Morris Plains, NJ. 07950 
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The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


*The drug has been evaluated as possibly 
effective for this indication. 
See brief summary. 
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Monographs 


Series Consultants: 
J. Willis Hurst and Dean T. Mason 


Advances in 
Electrocardiography 


Volume Il 
Edited by ROBERT C. SCHLANT and J. WILLIS HURST 


CONTENTS 

GENERAL ELECTROPHYSIOLOGY OF THE HEART: Electro- 
cardiographic Theory and Recording. Waves, Atrial Depolariza- 
tion, and Pacemaking Site. Ventricular Excitation and the Origin 
of QRS. 

DISTURBANCES OF CARDIAC RHYTHM AND CONDUCTION: 
Electrocardiographic Diagnosis of Sinus Rhythm Variations 
and Sinoatrial Block. QRS Abnormalities in AV Block: Varia- 


tions and their Significance. Electrophysiology of the Intra- 


ventricular Specialized Conducting System. Intraventricular 
Reentrant Tachycardias. Contribution of Catheter Electrodes to 
Study of Intraventricular Conduction in the Human Heart. With 
Special Reference to Bundle Branch Block, Ventricular Pacing 
with Wolff-Parkinson-White Syndrome. 

PRE-EXCITATION AND THE WOLFF-PARKINSON-WHITE SYN- 
DROME: Mechanisms of the A-V Conduction in Ventricular Pre- 
Excitation. Heuristic Thoughts on the Wolff-Parkinson-White 


Syndrome. 


HYPERTROPHY, ISCHEMIA AND INFARCTION: Current Status 
of Correlations Between Vectorcardiogram and Hemodynamic 
Data. ST Displacement and Myocardial Ischemia. VCG Patterns 
of Myocardial Scarring in the Absence of Diagnostic Q Waves. 
EXERCISE ELECTROCARDIOGRAPHY: Exercise Electrocar- 
diography-Current State of the Art. 

COMPUTERS IN THE ANALYSIS OF THE ELECTROCARDIO- 
GRAM: Computer Applications in Electrocardiography. 
MISCELLANEOUS EFFECTS UPON THE ELECTROCARDIO- 
GRAM: Physiologic Basis of the T Wave. Role of Myocardial 
Temperature, Electrolyte and Stress Gradients in the Genesis 
of the Normal T Wave. Physiologic Basis of the U Wave. Cen- 
tral Nervous System Influence upon Electrocardiographic Wave- 
forms. 

1976, 416 pp., $28.50/£17.40 ISBN: 0-8089-0929-0 


Echocardiography 


_ A Teaching Atlas 


By JOEL M. FELNER and ROBERT C. SCHLANT 


Topics include: The Normal Echocardiogram; Valvular Heart 
Disease; Congenital Heart Disease; Diseases of the Pericar- 
dium, Myocardium and Hypertensive Cardiovascular Disease; 
Coronary Artery Disease; Miscellaneous Cardiovascular Con- 
ditions. 

1976, 350 pp., 408 illus., abt. $35.00/£21.35 

ISBN: 0-8089-0965-7 


Send payment with. order and save postage plus 
50€ handling charge. 


Prices are subject to change without notice. 


GRUNE & STRATTON, INC. 


A Subsidiary of 
Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
diastolic pressure is required, Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. 
HYPERSTAT I.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS It should not be used in the treatment of compensatory 
per such as that associated with aortic coarctation or arteriovenous 
shunt, nor in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Safety in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT ín breast 
milk, However, it is known that diazoxide crosses the placental barrier and 
appears in cord blood. Like other thiazides, the drug may produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrine. Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond to the usual 
management, including insulin. Therefore, blood glucose levels should be moni- 
tored, especially in patients with diabetes or in those requiring multiple injec- 
tions of diazoxide. Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 
oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 
with insulin, Cataracts have been observed in a few animals receiving repeated 
daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, repeated injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists. Concurrently administered thiazides may potentiate the anti- 
NAIVE, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 
treatment failure in nonresponsive patients, it may be advisable to reduce this 
increased volume by means of a diuretic agent. Although no evidence of exces- 
sive anticoagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its de- 
rivatives, may require reduction in dosage of the anticoagulant (See Drug 
Interactions). 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. Injection is a potent antihyperten- 
sive agent requiring close monitoring of the patient's blood pressure at fre- 
quent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
a peripheral vein, Because the alkalinity of the solution is irritating to tissue, 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis. If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively. 
Maximal antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response. As with any potent antihypertensive agent, 
HYPERSTAT I.V. Injection should be used with care in patients who have im- 
poire cerebral or cardiac circulation, that is, patients in whom abrupt and 
rief reductions in blood pressure might be detrimental. Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT I.V. Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. 
ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and water retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
such as rash, leukopenia, and fever. Rarely,acute pancreatitis has been reported. 
Papilledema, induced by plasma volume expansion secondary to the administra- 
tion of diazoxide, was reported in one patient who had received eleven injec- 
tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various 
transient neurological findings secondary to alterations in regional blood flow 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
or “funny feeling", ringing in the ears and momentary hearing loss, and weak- 
ness of short duration; chest discomfort or nonanginal ‘‘tightness in the chest”; 
transient hyperglycemia in nondiabetic patients; transient retention of nitro- 
genous wastes; and various respiratory and gastrointestinal pe secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and c oking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia. Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives, These potential interactions must be 
considered when administering HYPERSTAT I.V. Injection. The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide. 


OVERDOSAGE  Overdosage nay cause an undesirable hypotension. marcy f this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide. Exces- 
sive hyperglycemia resulting from overdosage will respond fo conventional 
therapy of hyperglycemia, Diazoxide may be removed from the blood by peri- 


toneal dialysis or hemodialysis, SWW-4940R1 


SCHERING CORPORATION, KENILWORTH, N.J. 07033 
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Effe tive, Convenient 
Stat Regimen-for rapid 
reduction of blood pressure 
in malignant hypertension 


direct-action 


Sorstat IV 


s DAZOXIDE. 2:59 
20 ml ampule 
contains 300 mg 


"The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 
blood pressure response usually occurs within 5 to 10 minutes: * 












1 Rapid reduction to normotensive levels € Uncomplicated procedure 
Induces rapid reduction of blood pressure generally Simple LV. “push” in a peripheral vein in 30 seconds or 
within 5 minutes...often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary 
level achieved. Blood pressure response facilitated by until blood pressure is stabilized (generally 15-30 minutes). 
appropriate diuretic therapy. Thereafter, hourly measurement should be taken during 
NA the balance of effect. 
O Prolonged activity 
A single injection of HYPERSTAT I.V. generally maintains rj Convenient...no preparation 
blood pressure below pretreatment levels for periods HYPERSTAT I.V. supplied as a 20 ml ampule containing 
up to 12 hours. 300 mg diazoxide in ready to use solution. 
a Protective action — helps avert target | en 
organ damage Einen College of Madicine end Quel of Gardigloby. WIIG Pins 
Cardiac output increases as diastolic pressure is Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 


reduced Coronary and cerebral blood flow maintained accelerated hypertension. Am Heart J 87(6): 791-795, June 1974. 


Increased renal blood flow after transient decrease. 


Administration guidelines 1 
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4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 3 Inject entire dose |.V. in 30 seconds or F 
» Of HYPERSTAT I.V. Injection (20 ml . recumbent. Insert needle only into . less. Remove needle carefully— I 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation. " 
4 Keep patient recumbent for at least half If patient is to be ambulatory, measure 6 HYPERSTAT I.V. Injection should be | 
. an hour after injection; monitor BP 9. BP in standing position before ending « continued until a regimen of oral ; 
closely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes ; 
minutes. d effective (generally within a few days). 7 
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EE Before prescribing HYPERSTAT I.V. Injection, please consult complete product information, 
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Lasix Tablets 


(furosemide) 20mg and 40mg 
in hypertension. 


Lasix Tablets have 

been shown to reduce 
elevated blood pressure 
in diuretic-responsive 
patients. ae 


Lasix. For the 
treatment of essential 
benign hypertension. 
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(furosemide) 20mg and 40mg 
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A brief summary of the Prescribing Information for 
Lasix® (furosemide) Tabiets 20 mg and 40 mg 


WARNING-Lasix (rurosemide) is a potent diuretic which if given in 
excessive amounts can lead to a profound diuresis with water and electro- 
Jt depletion. Therefore, careful medical supervision is required, and 

ose and dose schedule have to be adjusted to the individual patient's 
needs. (See under “Dosage and Administration." 

Indications—Lasix (furosemide) is indicated for the treatment of the 
edema associated with congestive heart failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syndrome. 

. Hypertension—Lasix (furosemide) may be used for the treatment of 
hypertension alone or in combination with other antihypertensive drugs. 
ypertensive patients who cannot be RW controlled with thiazides 
adi probably also not be adequately controllable with Lasix (furosemide) 
alone. 

CONTRAINDICATIONS—Because animal reproductive studies have 
shown that Lasix (furosemide) may cause fetal abnormalities, the drug is 
contraindicated in women of childbearing potential. (See “Additional 
information.”’) | 

Lasix (furosemide) is contraindicated in anuria. If increasing azotemia 
and oliguria occur during treatment of severe progressive renal disease, 
the drug should be discontinued. In hepatic coma and in states of electro- 
lyte depletion, therapy should not be instituted until the basic condition 
is improved or corrected. Lasix (furosemide) is contraindicated in patients 
with a history of hypersensitivity to this compound. 

_ _ Warnings—Excessive diuresis may result in dehydration and reduc- 
tion in blood volume, with circulatory collapse and with the possibility 
of vascular thrombosis and embolism, particularly in elderly patients. 
Excessive loss of potassium in patients receiving digitalis glycosides may 
precipitate digitalis toxicity. Care should also be exercised in patients re- 
ceiving potassium depleting steroids. 

Frequent serum electrolyte, CO; and BUN determinations should be 
performed during the first few months of therapy and periodically there- 
after, and abnormalities corrected or the drug temporarily withdrawn. 

In patients with hepatic cirrhosis and ascites, initiation of therapy 
with Lasix (furosemide) is best carried out in the hospital. Sudden altera- 
tions of fluid and electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is necessary during 
the period of diuresis. Supplemental potassium chloride and, if required, 
an aldosterone antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 

Patients should be observed centers for the possible occurrence of 
blood dyscrasias, liver damage, or other idiosyncratic reactions. 

In those instances where potassium supplementation is required, an 
oral get preparation should be used rather than enteric-coated potas- 
sium Salts. 

There have been several reports, published and unpublished, con- 
cerning nonspecific small-bowel lesions consisting of stenosis, with or 
without ulceration, associated with the administration of enteric-coated 
thiazides with potassium salts. These lesions may occur with enteric- 
coated potassium tablets alone or when they are used with nonenteric- 
coated thiazides, or certain other oral diuretics. , 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium 
salts, although lesions of this type also occur spontaneously. Therefore, 
coated potassium-containing formulations should be administered only 
when indicated and should be discontinued immediately if abdominal 
nausea, vomiting, or gastrointestinal bleeding occurs. 
Patients with known sulfonamide sensitivity may show allergic reac- 


tions to Lasix (furosemide). 


Precautions—As with any potent diuretic, electrolyte depletion may 

occur during therapy with Lasix (furosemide), especially in patients re- 
ceiving higher doses and a restricted salt intake. Electrolyte depletion 
may manifest itself by weakness, dizziness, lethargy, leg cramps, ano- 
rexia, vomiting, and/or mental confusion. 
Asymptomatic hyperuricemia can occur and gout may rarely be pre- 
cipitated. Reversible elevations of BUN may be seen. These have been 
observed in association with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. _ ; 

When parenterat! use of Lasix (furosemide) precedes its oral use, it 
should be kept in mind that cases of tinnitus and reversible hearing im- 
pairment have been reported. There have also been some reports of cases 
in which irreversible hearing impairment occurred. Usually, ototoxicity 
has been reported when Lasix (furosemide) was injected rapidly in pa- 
tients with severe impairment of renal function at doses exceeding sev- 
eral times the usual recommended dose and in whom other drugs known 
to be ototoxic were often given. If the physician elects to use high dose 
parenteral therapy in patients with severely impaired renal function, con- 
trolled intravenous infusion is advisable (for adults, it has been reported 
that an infusion rate not exceeding 4 mg Lasix [furosemide] per minute 
has been used), S I i 

Increases in blood glucose, and alterations in glucose tolerance tests 
with abnormalities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes mellitus have 
been reported. 

Lasix (furosemide) ma 
of tetany have been reported. : (iu i] 

Patients receiving high doses of salicylates, in conjunction with Lasix 
(furosemide) may experience salicylate toxicity at lower doses because of 
competitive renal excretory sites. , 

Diuretics such as furosemide may enhance the nephrotoxicity of 
cephaloridine. Therefore, Lasix (furosemide) and cephaloridine should 
not be administered simultaneously. ¥ 

Sulfonamide diuretics have been reported to decrease arterial respon- 
siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 
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ertension. 


tives to patients undergoing therapy with Lasix (furosemide), and it is 
advisable to discontinue Lasix (furosemide) for one week prior to any 
elective Surgery. | 

Adverse Reactions—Various forms of dermatitis, including urticaria 
and rare forms of exfoliative dermatitis, erythema multiforme, pruritus, 
paresis: blurring of vision, postural hypotension, nausea, vomiting, or 

larrnea. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with 
purpura). Rare cases of agranulocytosis which responded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli and acute pancreatitis. 

Lasix (furosemide)-induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle cramps, th rst, in- 
creased perspiration, urinary bladder spasm, and symptoms of urinary 
frequency. 

Dosage and Administration 
ADULTS 

The usual adult dose of Lasix 
single dose. x / 

If the diuretic response with a single dose of 20 to 80 mg is not satis- 
factory, the following schedule should be used: Increase this dose by in- 
crements of 20 or 40 mg not sooner than 6 to 8 hours after the previous 
dose until the desired diuretic effect has been obtained. This individually 
determined single dose should then be given once or twice daily. The dose 
of Lasix (furosemide) may be carefully titrated up to 600 mg per day in 
those patients with severe clinical edematous states. 

With doses exceeding 80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are particularly advisable. 

,, Hypertension—The usual dose of Lasix (furosemide) is 40 mg twice 
daily both for initiation of therapy and for maintenance. Careful observa- 
tions for changes in blood pressure must be made when this compound is 
used with other antihypertensive drugs, especially during initial therapy. 
The dosage of other agents must be reduced by at least 50 percent as 
soon as Lasix (furosemide) is added to the regimen to prevent excessive 
drop in blood pressure. As the blood pressure falls under the potentiating 
effect of Lasix (furosemide), a further reduction in dosage, or even discon- 
tinuation, of other antihypertensive drugs may be necessary. It is further 
recommended, if 40 mg twice daily does not lead to a clinically satisfac- 
tory response, to add other vie agents, e.g., reserpine, rather than 
to increase the dose of Lasix (furosemide). 

INFANTS AND CHILDREN > 

Pediatric Administration: The usual initial dose of oral Lasix in infants 
and children is 2 mg/ Kg body weight, given as a single dose. If the diuretic 
response is not satisfactory after the initial dose, dosage may be increased 
by 1 or 2 mg/kg not sooner than 6 to 8 hours after the previous dose. 
Doses greater than 6 mg/kg body weight are not recommended. 

For maintenance therapy in infants and children, the dose should be 
adjusted to the minimum effective level, . : 

How Supplied—Lasix Tablets 40 mg (furosemide) supplied as white, 
round, monogrammed, scored tablets. : i 

Lasix Tablets 20 mg (furosemide) supplied as white, oval, mono- 
grammed tablets. _ . ^ s 

Note: Dispense in dark containers. Exposure to light may cause slight 
discoloration which, however, does not alter potency. 

Additional Information 
Toxicology ! 4 s E ) 

The acute toxicity of Lasix (furosemide) has been determined in mice, 
rats, and dogs. In all three animal species, the oral LDso of Lasix (furo- 
semide) exceeded 1000 mg/kg of body weight, while the intravenous LDso 
ranged from 300 to 680 mg/kg. Intragastric injection of the drug in new- 
born rats resulted in an LDso of 380 mg/kg. > 

The acute toxicity of high doses of Lasix (furosemide) was character- 
ized by convulsions, parazis, and collapse. Surviving animals often be- 
came dehydrated and depleted of electrolytes due to the diuresis induced 
by Lasix (furosemide). In the newborn rats, intragastric injection of the 
drug caused hyperactivity and anorexia. : : 

Chronic toxicity studies with Lasix (furosemide) were done in rats 
and dogs. In a one-year study in rats, renal tubular degeneration occurred 
with all doses higher than 50 mg/kg (4 times the maximal recommende 
human dose of 600 mg per day). A six-month study in dogs revealed cal- 
cification and scarring of the renal parenchyma at all doses above 10 
mg/kg (83 percent of the maximal recommended human dose of 600 mg 
per day). 

Reproductive Studies s 

The effects of Lasix (furosemide) on embryonic and fetal develop- 
ment and on pregnant dams were studied in mice, rats, and rabbits. 

Lasix (furosemide) caused unexplained maternal deaths and abor- 
tions in the rabbit when 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day) was administered between days 12 to 17 
of gestation. In a previous study the lowest dose of only 25 mg/kg (2 times 
the maximal recommended human dose of 600 mg per day) caused ma- 
ternal deaths and abortions. In a third study, none of the pregnant rabbits 
survived a dose of 100 mg/ kg. Data from the above studies indicate fetal 
lethality which can precede maternal deaths. í 

The results of the mouse study and one of the three rabbit studies 
also showed an increased incidence of hydronephrosis (distention of the 
renal pelvis and, in some cases, of the ureters) in fetuses derived from 
treated dams as compared to the incidence in fetuses from the control 
group. 


(furosemide) is 20 to 80 mg given as a 
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nonreserpine EI 
Each tablet contains: 
Catapres®, brand of clonidine hydrochloride, and 
0.1 or 0.2 mg and chlorthalidone, 15 mg 
The only major ne 


combination antihypertensive 
in a decade 








nonreserpine 


Combipres o..e 


Each tablet contains: 
Catapres” brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


Works better than either 
component in equivalent 
doses* 


Works in mild to severe 
hypertension 


Works conveniently for 
patients who need more 
than one drug* 


Works for less than the 
cost of separate Rxs* 


. Works and works and 
works — convenience and 
economy promote long- 
term patient compliance 


*Combipres is not indicated for initial therapy of 
hypertension. It is indicated for hypertensive 
patients who need more than one drug for ade- 
quate lowering of blood pressure and who have 
proved to be responsive to its components given 
separately in dosages equivalent to those in 
the combination. 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination 


represents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drtig is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with 
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severe renal or hepatic diseases. 
Warnings: Tolerance may develop in some 
instances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on 
possible adverse effects in pregnant women is 
limited to uncontrolled clinical data, the drug is 
not recommended in women who are or may 
become pregnant unless the potential benefit 
outweighs the potential risk to mother and fetus. 
Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and asso- 
ciated subjective symptoms such as nervousness, 
agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been 
recorded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has not 
been established in these cases. It has been 
demonstrated that an excessive rise in blood 
pressure, should it occur, can be reversed by re- 
sumption of Combipres therapy or by intravenous 
phentolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery 
or driving, should be advised of the sedative 
effect of the clonidine hydrochloride component. 
This drug may enhance the CNS-depressive 
effects of alcohol, barbiturates and other seda- 
tives. Like any other antihypertensive agent, 
Combipres should be used with caution in 
patients with severe coronary insufficiency, 
recent myocardial infarction, cerebrovascular 
disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for 
some dryness of the eyes, no drug-related 
abnormal ophthalmological findings have been 
recorded with Catapres, in several studies the 
drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated 
for 6 months or longer. 

Patients predisposed toward or affected by 
diabetes should be tested periodically while 
receiving Combipres, because of the hyper- 
glycemic effect of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is 
indicated. If, in the physician's opinion, a rising 
BUN is significant, the drug should be stopped. 
The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. 
Muscular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to 
detection of hypokalemia in patients receiving 
adrenal corticosteroids, ACTH or digitalis. Hypo- 
chloremic alkalosis often precedes other evi- 
dence of severe potassium deficiency. Frequently, 
therefore, more sensitive indicators than the 
potassium serum level are the serum bicarbonate 
and chloride concentrations. Also indicative of 
potassium depletion can be electrocardiographic 
alterations such as changes in conduction time, 
reduction in amplitude of the T wave; ST segment 
depression; prominent U wave. These abnormali- 
ties may appear with potassium depletion before 
the serum level of potassium decreases. To lessen 
the possibility of potassium deficiency, the diet, 
in addition to meat and vegetables, should in- 
clude potassium-rich foods such as citrus fruits 
and bananas. If significant potassium depletion 
should occur during therapy, oral potassium 
supplements in the form of potassium chloride 

(3 to 4.5 gm/ day), fruit juice and bananas should 
be given. 

Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to 
diminish with continued therapy. 


Clonidine hydrochloride: Anorexia, malaise, nau- 
sea, vomiting, parotid pain, mild transient abnor- - 
malities in liver function tests; one case of possible 
drug-induced hepatitis without icterus and hyper- 
bilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine 
hydrochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, 
anxiety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic - 
electrocardiographic abnormalities manifested 
as Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramp- 
ing, weakness, dizziness, transient myopia and 
restlessness are occasionally observed. Head- 
ache and impotence or dysuria may occur rarely. 
Orthostatic hypotension has been reported and 
may be potentiated when chlorthalidone is com- 
bined with alcohol, barbiturates or narcotics. 
Skin rashes, urticaria and purpura have been 
reported in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop in- 
consistently. This condition, usually reversible on 
discontinuation of therapy, responds to control 
with antidiabetic treatment. Diabetics and those 
predisposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where pro- 
longed and significant elevation of blood uric 
acid concentration is considered potentially de- 
leterious, concomitant use of a uricosuric agent 
is effective in reversing hyperuricemia without 
loss of diuretic and/or antihypertensive activity. 
Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranu- 
locytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after pro- 
longed administration. 

Other adverse reactions which have been 
reported with this general class of compounds 
include: jaundice, xanthopsia, paresthesia 

and photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an ana- 
leptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses 
of 10 mg at 30-minute intervals abolishes all 
effects of Catapres overdosage. 

Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances 
of electrolyte balance. There is no specific anti- 
dote, but gastric lavage is recommended, fol- 
lowed by supportive treatment. Where necessary, 
this may include intravenous dextrose and saline 
with potassium administered with caution. 

How Supplied: Combipres® 0.1 (Each tablet 
contains clonidine hydrochloride 0.1 mg + 
chlorthalidone 15 mg). It is available as pink, 
oval, single-scored compressed tablets in bottles 
of 100. 

Combipres$ 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg 4- chlorthalidone 15 mg). 

It is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 

Under license from Boehringer Ingelheim GmbH 


a Boehringer Ingelheim 
ull, 


Boehringer Ingelheim Ltd. 
Uwe Elmsford, New York 10523 
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Introducing... 


-Extracorporeal 


-` Berman Angiographic Catheter 


Extracorporeal 
Balloon Pacing Catheter f 
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Extracorporeal 
Arterial Embolectomy 


Catheter 


Extracorporeal 
- Wedge Pressure Catheter 
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A New Generation 
of Balloon Catheters 


orporeal. 


Designed specifically to meet your needs. 


Now you can have balloon catheters that were 
designed with you and your patient in mind. 
Patient safety, ease of insertion, proper 
manipulation and positioning, accurate 
pressure reportings, flexibility and quality 
construction—all were considered in 
designing our balloon catheters. The result: 
a new generation of catheters. So now, 
whatever your specialty, you can select an 
Extracorporeal Balloon Catheter to meet your 
particular requirements. 


Four new Extracorporeal catheters are 
available: Arterial Embolectomy Catheter, 
Wedge Pressure Catheter, Berman 
Angiographic Catheter, and Balloon Pacing 
Catheter. And these new generation catheters 
provide exclusive patient advantages over 
other currently available catheters: 


Tapered Tip—insures that the diameter of the 
deflated balloon cannot exceed the diameter 
of the catheter body. This allows the 
introducer to be properly matched to the 
catheter, and helps reduce blood loss to 

the patient. 


Special Tip Construction—provides the 
largest possible lumen along the entire 


catheter length, and allows a smaller French 
size to be used than is normally possible 
with other catheters. 


Wide Range of Sizes—Extracorporeal 
Balloon Catheters are offered in more sizes 
than have been previously available anywhere. 


Conveniently Packaged—each catheter is 
packaged individually in a sterile peel-pack 
with a sterile syringe of proper size. 


Also Available: The New Extracorporeal 
Stylet Pacing Catheter. Designed with a soft 
flexible catheter body and removable stylet to 
help minimize the chance of perforation and 
accidental repositioning after placement. 


For further information on Extracorporeal New 
Generation Balloon Catheters, complete and 


extracorporeal 


Extracorporeal Medical Specialties, Inc. 
Royal & Ross Rds - King of Prussia. Pa 19406 US A- 215-337-2400 


In Europe Write: 


Extracorporeal S.A., 253 Avenue Winston Churchill, 
B-1180 Brussels, Belgium 





l  Extracorporeal Medical Specialties, Inc. ^Jc-9/76 fl 
I = Royal and Ross Roads i 
I King of Prussia, Pa. 19406 i 
Gentlemen: 
i | am interested in the new Extracorporeal Balloon Catheters. i 
[] Please have your professional representative contact me. [7 Please send me additional information. : 
i Name i 
L| LH 
Title Hospital Affiliation i 

3 
I Address City è 
I > R 
I, State Zip Phone | 
y (Area Code) i 
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Now the complete, 
flexible ultrasound system: 


TheRT-400. 


— Fordynamic,two-dimensional, 
~ real-time, high-resolution imaging 
\( Today and tomorrow. 









For more information, write or call: 
Grumman Health Systems 
400 Crossways Park Drive 
Woodbury, New York 11797 
(516/575-3513) 





GRUMMA 


To help increase blood supply 
in treatable vasospastic disorders* 


nylidrin HCl 


Vasodilator/ Vasorelaxant 





O Dilates arterioles 
[] Maintains mean arterial blood pressure 
O Postural hypotension not reported** 


Arlidin also offers dosage flexibility and 
provides a favorable benefit-cost ratio. 


Start with Arlidin 6 mg. t.i.d. 


**See Adverse Reactions section in Brief Summary. 


Brief Summary 


* Indications: Based on a review of this drug by the National Academy of 
Sciences—National Research Council and/or other information, FDA 


has classified this drug as "possibly" effective for peripheral vascular 
disease and circulatory disturbances of the inner ear. Final classifica- 
tion of the less-than-effective indications requires further investigation, 





Contraindications: Acute myocardial infarction, paroxysmal tachycardia, 
progressive angina pectoris and thyrotoxicosis. Warnings: In patients with 
cardiac disease such as tachyarrhythmias and uncompensated congestive 
heart failure, the benefit/risk ratio should be weighed prior to therapy and 
reconsidered at intervals during treatment. Adverse Reactions: Trembling, 
nervousness, weakness, dizziness (not associated with labyrinthine artery 
insufficiency), palpitations, nausea and vomiting may occur. Postural hypo- 
tension, while not reported, may also occur. Dosage: Orally, 3 to 12 mg. 
three or four times a day. How Supplied: White, scored tablets, 6 mg. and 
12 mg. Bottles of 100 and 1000; single-dose blister packs, boxes of 100 
(10 x 10 strips). 





USV PHARMACEUTICAL MFG. CORP. 
PHARMACEUTICALS Manati, P.R. 00701 
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In Refractory Congestive Failure 


Associated with Hypotension 
or Shock 


INTROPIN 


dopamine HCl 


Provides Patients with a 
Third Dimension of Therapy 
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Intropin: a logical addition for 
hospitalized patients refractory to 
digitalis and diuretics 


When cardiac output is insufficient, or when renal blood 
flow and urine output do not respond in spite of therapy, a 
new dimension should be considered as an adjunct to the 
standard digitalis/diuretic regimen. 

Intropin (at recommended doses) may potentiate 
digitalis/diuretic therapy in two ways. First, Intropin 
exerts a positive inotropic effect which can result in 
greater cardiac output, increased renal blood flow and 
diuresis. In addition, Intropin directly stimulates “dopa- 
minergic" receptors in the kidney to cause renal dilation, 
increased urine flow and sodium excretion. 

Thus, Intropin works both indirectly and directly on the 
renal vascular beds to decrease accumulated fluids. 


Pharmacologic guidelines for adding 
Intropin to the treatment of patients 
refractory to digitalis/diuretic therapy 


Cardiac Renal Sodium 
Output Blood Flow UrineFlow Excretion 
increase only increase only increase only 
no change if cardiac if renal if renal 
PEDES . 10 output increases blood flow blood flow 
increase (no directeffect) ^ increases increases 
4 + vc + 
increase due 
DIURETICS no effect no effect to increased increase 
sodium excretion (direct effect) 
+ + 
increase 
if renal blood 
INTROPIN® increase increase increase flow increases 
above 5 : 2-30 2-30 2-30 
mcg/kg/min mcg/kg/min mcg/kg/min mcg/kg/min 
Li 4 $ $ 


This chart graphically demonstrates: 


1. the effects of digitalis on renal blood flow, urine output 
and sodium excretion are primarily related to cardiac 
output; 

2. diuretics, while favorably affecting urine flow and so- 


dium excretion, do not influence cardiac output or 
renal blood flow; 


3. Intropin favorably affects cardiac output at doses above 
5 mcg/kg/min and increases renal blood flow, urine 
output and sodium excretion at doses of 2 to 30 mcg/kg/ 
min, regardless of the effect of the drug on cardiac 
output. 


Intropin: a catecholamine with 
unique actions 


Intropin is a unique catecholamine that increases cardiac 
output, vital Miis perfusion and urine output without 
increasing *the likelihood of serious side effects. With 
Intropin, the myocardial oxygen supply/demand ratio 
appears to remain stable. 
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Concurrent administration of Intropin and diuretic 1 
agents may produce an additive or potentiating effect. 

As with most drugs administered in serious situations, _ 
a key to favorable prognosis is the initiation of Intropin 3 
as soon as practical after the onset of unfavorable signs. | 
Patients most likely to respond are those whose myocar- . 
dial function, urine output and blood pressure have not — 
undergone profound deterioration. 


Intropin: points about dosage | | 
1] 


Before administering Intropin, the physician should be | 
familiar with the effects of the drug at various dosage — 
levels (see chart) and should especially note the paradoxi- - 
cal results of Intropin at ranges of over 30 meg/kg/min— _ 
increases in systemic vascular resistance plus a decrease . 
in renal blood flow and urineoutput. These norepinephrine- 
like phenomena can be reversed, if desired, by reducing 
the dose. Ro: 
Intropin is compatible with digitalis and diuretics — 
eragioqen in the treatment of refractory congestive heart — 
allure. | i 
Intropin must be diluted in a suitable intravenous solu- 7 
tion and given by LV. drip under close medical supervision. _ 
The half-life of Intropin is somewhat less than 2 min- 
utes, and all effects of the drug usually dissipate within 10 — 






minutes after cessation of the medication. 
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The effects of Intropin at 








decrease A 


ious dose levels 1 
Various dose ieve E 
2-5 5-30 over 30 (d 

mcg/kg/min mcg/kg/min mcg/kg/min 
> d 
Cardiac Output . no change - increase increase = 1 
Stroke Volume no change increase increase | vag 
there is an initial increase | n 
Heart Rate no change followed by a decrease toward A 
normal rate as infusion continues T 

= 

Myocardial : SA 
Contractility no change increase increase i 
iS sree —————M— O e T A eee 
Potential for low* low* data unavailable — 
Excessive wy) x 
Myocardial coronary blood coronary blood : MES | 
Oxygen Demands flow increased flow increased UE 
Potential for * a eee aie: oa 
Tachyarrhythmias low low moderate APR : 
, { 

rpg Sn vi slight decrease ^ — no change to ANAA | : 
RiaAhbs to no change slight increase y 
Renal Blood Flow increase Increase decrease p 
Urine Output increase increase 4 


*Low but needs monitoring 


See the following page for full prescribing information. — 
INTROPIN 
(dopamine HCI) 
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| 2 m DI T dopz mine HCl) _ i | " 
5 ml. AMPUL/FOR IV INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a naturally- 
occurring biochemical catecholamine precursor of norepinephrine. The chemical structure is: 


HO CH;CH;NH; + HCI 


HO 
C,H,,NO, * HCI Mol. Wt. 189.65 
Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 
Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 
(equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisulfite 
as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 
output. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol and 
its use is usually not associated with a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 
increases systolic and pulse pressure with either no effect or a slight increase in diastolic pressure. 
Total peripheral resistance at low and intermediate therapeutic doses is usually unchanged. Blood flow 
to peripheral vascular beds may decrease while mesenteric flow increases. INTROPIN has also been 
reported to dilate the renal vasculature presumptively by activation of a "dopaminergic" receptor. This 
action is accompanied by increases in-glomerular filtration rate, renal blood flow, and sodium excretion. 
An increase in urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart Surgery, renal 
failure, and chronic cardiac decompensation as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander or whole blood 
should be instituted or completed prior to administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 


. Such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora- 


tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 
and initiation of therapy with volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by which 
adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should also observe 
the patient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 
temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before urine flow has di- 
minished to levels approximately 0.3 ml./minute, prognosis is more favorable. Nevertheless, in a num- 
ber of oliguric or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 
which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 
output is within normal limits and thus may be of value in reducing the degree of pre-existing fluid 
accumulation. It should be noted that at doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. Concurrent administration of INTROPIN and 
diuretic agents may produce an additive or potentiating effect. 


Low Cardiac Output— Increased cardiac output is related to INTROPIN's direct inotropic effect on the 
myocardium. Increased cardiac output at low or moderate doses appears to be related to a favorable 
prognosis. Increase in cardiac output has been associated with either static or decreased systemic 
vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 
cardiac output is believed to be a reflection of differential effects on specific vascular beds with increased 
resistance in peripheral beds (e.g. femoral) and concomitant decreases in mesenteric and renal vas- 
cular beds. Redistribution of blood flow parallels these changes so that an increase in cardiac output 
is accompanied by an increase in mesenteric and renal blood flow. In many instances the renal fraction 
of the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in systemic vascular resistance as may occur with isopro- 
terenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administration of low 
to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic doses, INTROPIN's 
alpha adrenergic activity becomes more prominent and thus may correct hypotension due to dimin- 
ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 
whose blood pressure and urine flow have not undergone profound deterioration. Therefore, it is sug- 
gested that the physician administer INTROPIN as soon as a definite trend toward decreased systolic 
and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 
WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhythmias 
or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the administration 
of INTROPIN will require substantially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 
tion of this enzyme prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
should be reduced to at least one-tenth (1/10) of the usual dose. 

Usage in Pregnancy — Animal studies have revealed no evidence of teratogenic effects from INTROPIN. 
In one study, administration of INTROPIN to pregnant rats resulted in a decreased survival rate of the 
newborn and a potential for cataract formation in the survivors. The drug may be used in pregnant 
women when, in the judgment of the physician, the expected benefits outweigh the potential risk to 
the fetus. 

Usage in Children — The safety and efficacy of this drug in children has not been established. INTROPIN 
has been used in a limited number of pediatric patients, but such use has been inadequate to fully define 
proper dosage and limitations for use. Further studies are in progress. 

PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. 

Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (i.e. a marked decrease 
in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 
creased and the patient observed carefully for further evidence of predominant vasoconstrictor activity, 
unless such an effect is desired. 


Printed in U.S.A. 
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veins in the dor. - 


requires immediate attention. The physician should switch to more suitable sites as rapidly as possible. 
The infusion site should be continuously monitored for free flow. 


Occlusive Vascular Disease — Patients with a history of occlusive vascular disease (for example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's 
disease) should be closely monitored for any changes in color or temperature of the skin in the extrem- 
ities. If a change in skin color or temperature occurs and is thought to be the result of compromised 
circulation to the extremities. the benefits of continued INTROPIN infusion should be weighed against 


the risk of possible necrosis. This condition may be reversed by either decreasing or discontinuing 
the rate of infusion. : 






IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution 
containing from 5 to 10 mg. of Regitine® (brand of phentolamine), an adrenergic blocking 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 
infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon as possible after the extravasation is noted. 











Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 
to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane or 
halogenated hydrocarbon anesthetics. 


Careful Monitoring Required — Close monitoring of the following indices — urine flow, cardiac output 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 


ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
blood pressure. 


DOSAGE AND ADMINISTRATION: 
WARNING: This is a potent drug: It must be diluted before administration to patient. 


Suggested Dilution — Transfer contents of one ampul (5 ml. containing 200 mg. INTROPIN) by aseptic 
technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous solutions: 
1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 
2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chioride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 
4) 5% Dextrose in 0.45% Sodium 7) Lactated Ringer's Injection, USP 
Chloride Solution 


These dilutions will yield a final concentration for administration as follows: 
250 mi. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile intra- 
venous solutions listed above. However, as with all intravenous admixtures, dilution should be made 
just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, 
since the drug is inactivated in alkaline solution. 


Rate of Administration — INTROPIN, after dilution, is administered intravenously through a suitable 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INTROPIN. In titrating to the desired increase in systolic 
blood pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized. 

Adminstration at rates greater than 50 mcg./kg./min. have safely been used in advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 

1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,0 or pulmonary wedge pressure is 14-18 mm Hg. ; 

2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who are likely to respond to modest increments of heart force and renal perfusion. 

In more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg./minute 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./ 
minute. In patients who do not respond to these doses with adequate arteria! pressures or urine flow, 
additional increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. 

3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lished urine flow rate, increasing tachycardia or development of new dysrhythmias as indices for de- 
creasing or temporarily suspending the dosage. 

4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. 
Since INTROPIN's duration of action is quite short, no additional remedial measures are usually neces- 
sary. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 
blocking agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HCI per milliliter. September, 1975 


VAN ARNAR-STONE LABORATORIES, INC. 
CS Mount Prospect, Illinois 60056 
A Subsidiary of American Hospital Supply Corporation 


ASL-09-76-934 
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... Anew development in tablet 
to permit more accurate dosage titration 


ISORDIL TITRADOSE 


(isosorbide dinitrate) 


Easier-splitting tablets for your 
angina’ patients 
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ORAL TABLETS 
5, 10, and 20mg. - 
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1. for the physician: precise dosage titration 
2. for the patient: easier compliance 


with your dosage adjustments 


TTITRADOSE® (E.Z. SPLIT®) Oral Tablets, U.S. Pat. Nos. D224591 and 3883647 





Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 


ISORDIL TITRADOSE ORAL TABLETS 


(isosorbide dinitrate) 


* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the’ relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 
















Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites during the early days of the 
acute phase ef myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. 


and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/ or professional samples? 


IVES LABORATORIES INC. 


New York, New York 10017 


DEDICATED TO IMPROVING THE QUALITY OF LIFE 
THROUGH MEDICINE® 
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help the pacemaker patient, - 
every step of the way 





Medtronic makes the Xytron PROFESSIONAL REPRESENTA- ENGINEERING EXCELLENCE 

. Pacemaker, of course. As well as TION AND SERVICE The Medtronic Heis your direct line to a company 
many other innovative products. representative who calls on you is committed to discovery and engi- 
But products are only part of the one of the most thoroughly trained, neering excellence. A company 
reason why Medtronic can help you most professional representatives in already working on the concepts 

- be more helpful to the pacemaker the pacing industry. He is committed that will become the reality of pacing 

. patient. | to excellence. And with the resources technology in the 1980's and 90's. 


he represents, he can provide you 
with personal service, plus company 
services to assist you in your 
management of the pacemaker 
patient. 
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VERTICAL INTEGRATION Consider QUALITY AND RELIABILITY As you A CORPORATE COMMITMENT 





Medtronic’s vertical integration. It probably are aware, quality and Your commitment toward serving 
‘places less dependence on outside reliability are particularly emphasized ^ mankind is shared by the entire 
sources, permits more precise at Medtronic. One of every five Medtronic corporate entity. Like you, 
control over the components that go. persons involved with the manufac- Medtronic is working toward man's 
into our products. Our Micro-Rel ture of our products is assigned full life. 

subsidiary pioneers new manufac- quality or reliability control responsi- 

turing methods and techniques bilities to assure that our products 

that permit volume production of will meet or exceed industry 


highly reliable integrated circuitry. standards. 


Medtronic 


Helping you help 
the pacemaker patient 
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the original electrode 
cream with many 
imitators...but 

no rivals! 









the one 
with a 
proven 


record Burton, Parsons & Co., Inc. 


AVAILABLE IN 
5 oz. and 32 oz. Manufacturers of Ethical Pharmaceuticals Since 1885 
CONTAINERS 


CENTRAL INDUSTRIAL PARK WASHINGTON, D.C. 20027 - 
MONTREAL, P.Q. CANADA [] MUNICH, GERMANY 


hi ALSO 


More than a new 
look, it's a whole 
new approach to 
diagnostic svstems. 


Honevwell engineers took a truc 
svstems approach to physiological 
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Er Un Auth: 


Clinical and morphologic features are described in 22 necropsy patients 


with endocarditis involving rigid-framed prosthetic valves: aortic in 15 - 
patients and mitral in 7. The interval from valve replacement to onset of - 


Vir 


(nae 


symptoms of prosthetic valve endocarditis was less than 2 months in 8 © 


patients and longer than 2 months in 14 patients. The most frequent in- 
fecting organism was the Staphylococcus (13 patients). In each of the 
22 patients the infection was located behind the site of attachment of the 
prosthesis to the valve ring, and the infection spread to adjacent structures 


in 13 patients, 11 of whom had aortic prostheses. Prosthetic detachment - 


Causing severe regurgitation occurred in 12 ot the 15 patients with an 


iwi eas en So fs 


infected aortic valve prosthesis, and in 2 of the 7 with an infected mitral - 
valve prosthesis. Prosthetic obstruction by vegetative material occurred — 
in 5 of 7 patients with prosthetic mitral infection and in only 1 of 15 with © 


prosthetic aortic infection. High degrees of conduction defects developed 


in seven patients with aortic prosthetic valve endocarditis: complete heart — 


block in five, and complete left bundle branch block in two. 


Comparison of observations in the 22 patients with prosthetic valve 3 
endocarditis with those in 74 patients with active infective endocarditis — 


involving natural left-sided cardiac valves revealed significant (P <0.05) 
differences in the percent with ring abscess, hemodynamic consequences 


of the endocarditis (valve stenosis), frequency of Staphylococcus as the — 


causative organism and percent with complete heart block or left bundle 
branch block. No significant differences were observed between the two 


groups when comparing age, sex, type of underlying valve disease or — 


frequency of organ infarcts or splenomegaly. 


Among 450 consecutive patients with one or more rigid-framed pros- | 


- 
t> 


thetic cardiac valves studied by us at necropsy,!~’ 22 (5 percent) had . 


infection involving a prosthetic valve. These 22 patients represent 17 


percent of the 127 patients with active valvular infective endocarditis | 


studied in this laboratory.?-!9 Although many reports are available on 
patients with fatal active infective endocarditis involving natural cardiac 


valves, surprisingly little information is available on the morphologic — 
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. features of endocarditis involving prosthetic cardiac 
. valves. This report consequently focuses on the clini- 
. copathologic features in 22 patients with prosthetic 


valve endocarditis and compares them with the features 
we observed in 74 nonsurgical necropsy patients with 
active infective endocarditis involving natural left-sided 
cardiac valves. 


Patients Studied 


. Clinical observations: Clinical and morphologic 
observations in the 22 patients with prosthetic valve 


TABLE I 


Prosthetic Valve Endocarditis: Type of Prosthesis Infected 








Aortic Mitral 
Valve Valve Totals 
Caged ball 9* 6* 15* 
Tilting disc 5t 0 gt 
Poppet disc 11 18 2 
Totals 15 7 22 





* Starr-Edwards; * Bjork-Shiley; t Hufnagel; 8 Kay-Shiley. 





3 FIGURE 1. Staphylococcus epidermidis ronal valve énidocarditis ina 49 y year r old man who died 3 months after aortic valve replacement. Symptoms © 


of infection appeared 16 days before death. Despite large doses of antibiotic agents, complete heart block and severe aortic regurgitation developed. 
a, opened aorta, aortic valve and left ventricle (L.V.) showing a necrotic anulus to which the prosthesis is only partially attached. A. — anterior mitral 
- leaflet. b, opened right atrium, tricuspid valve and right ventricle (R.V.) showing vegetative material (arrows) that had burrowed through the atrial 


E . septum from the necrotic aortic valve ring. C.S. = ostium of coronary sinus; S.T.L. = septal tricuspid leaflet; A. = anterior tricuspid leaflet. c, longitudinal 


. section of the heart with the anterior portion removed. The necrotic aortic valve (A.V.) ring is again seen and the penetration of the infective process 
. through the atrial septum (A.S.) is apparent. An arrow indicates the vegetation in the right atrium (R.A.). V.S. — ventricular septum. d and e, histologic 
| sections through the ring abscess. The site of attachment (Attach.) of the prosthesis, which has been removed, is indicated. The infected nodule, 
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. an extension of the ring abscess (Abs.), is showing in the right atrium. Ao. — aortic wall; L.A. — 


left atrium; A.M.L. — anterior mitral leaflet. 
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TABLE II 
Prosthetic Endocarditis: Clinical Observations in 22 Cases 
Patients 
Duration of Re- k 
Preop Lesion Interval Signs and ceiving Prosthetic 
Patients —— From Valve Symptoms Anti- ) Dysfunction 
Pure Replacement of Infection biotics Conduction 
Age Range Sex Re- to Infection — >7 Disturbance Re- 
Prosthesis and Average Steno- gurgi- <60 >60 Days — — — —  gurgt Steno- 
Infected no. (yr) M F sis tation <2 mo >2mo Days Days (no) LBBB CHB tation sis 
Aortic 15 37—69 (54) 13 2 12 3 5 10 10 5 9 2 5 11 .1 
Mitral 7 37—65 (52) 3 4 7 0 3 4 6 1 2 0 0 0 0. 
Totals 22 37—69 (53) 16 6 19 3 8 14 16 6 13 2 5 11 1 


CHB = complete heart block; LBBB = left bundle branch block; Preop = preoperative. 


endocarditis are summarized in Tables I to V, and some 
of the morphologic features are illustrated in Figures 
1 to 11. Certain observations in several of these patients 
have appeared elsewhere.!-*:!!-!8 Patients with active 
infective endocarditis at the time of valve replacement 
were excluded. The 22 patients had 27 prosthetic car- 
diac valves; 17 patients had one prosthetic valve and 5 
had two prosthetic valves. Of the 27 prosthetic valves, 
22 were infected (Table I): the aortic prosthesis in 15 
patients and the mitral in 7. Clinical evidence of infec- 
tive endocarditis was present less than 2 months after 
operation in 8 patients (early deaths) (Table II), and 
from 3 months to 10 years after valve replacement in 14 
patients. In 6 of the latter 14 patients clinical evidence 
of infection did not appear until more than 1 year after 
valve replacement. The duration of signs and symptoms 
of infective endocarditis ranged from 14 days to 13 
months. In 16 patients, the duration of illness was less 
than 60 days and, in 6 patients, more than 60 days. 
Factors predisposing to development of endocarditis 
were apparent in only 5 of the 14 patients who died late: 
tooth extraction (2 patients), skin graft infection (1 








TABLE Ill 
Prosthetic Valve Endocarditis: Infecting Organism 
Onset From 
Valve Replacement 
Organism «2 mo 22 mo Totals 
|. Gram-positive bacterium 6 11 17 

Staphylococcus epidermidis 3 7 10 
Staphylococcus aureus 2 1 3 
Streptococcus pneumoniae 0 1 1 
Group-D streptococcus 0 1 1 
Diphtheroids 1 0 1 
Listeria monocytogenes 0 1 1 


II. Gram-negative bacterium 1 2 3 
Proteus mirabilis 
Klebsiella species 
Serratia marcescens 

ltl. Fungus 
Candida species 
Aspergillus fumigatus 
Totals 8 14 22 


—— © 


—-o OooO- 
=à 
-— 





September 1976 The American Journal of CARDIOLOGY Volume 38 


patient), prolonged use of an intravenous catheter (1 
patient) and prolonged use of a transthoracic pacing 
wire (1 patient). It is presumed that the infection in the 
eight patients who died early either was incurred at 
operation or was secondary to a wound infection. 

'The infecting organisms (cultured from the blood 
during life in 20 patients) are listed in Table III. 
Staphylococcus was the responsible organism in 13 
patients, and a different organism in each of the other 
9. Fungi caused the endocarditis in two patients who 
had negative blood cultures during life. Evidence of 
prosthetic dysfunction was present clinically in 12 of the 
15 patients with an infected aortic valve prosthesis 


TABLE IV 


Prosthetic Valve Endocarditis: Necropsy Observations 
in 22 Cases 


Prosthetic 
Valve 
Detach- Pros- 
ment (Re- thetic 
Prosthesis Patients Ring Ring gurgi- Valve 
Infected (no.) Abscess Organisms tation) Stenosis 
Aortic 15 15 8 12 A 
Mitral 7 7 5 2 5 
Totals 22 22 13 14 6 
TABLE V 


Prosthetic Valve Endocarditis: Organ Weights and Infarcts 
in 22 Cases 





Gross Infarcts 


Organ Weight (g) (no. of patients) 





Pa- (range and average) 
Pipstesib dHOBIS ur Oe” es ST Kid- 
Infected  (no.) Spleen Liver Spleen ney Brain 
Aortic 15 120—1000 1450—2950 7 3 3 
(470) (2140) 

Mitral 7 170—920 1350—2000 5 4 4 
(370) (1755) 

Totals 22 120—1000 1350—2950 12 7 7 
(460) (2050) 
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(regurgitation in 11 and stenosis plus regurgitation in 
1), but in none of the 7 patients with an infected mitral 
valve prosthesis. High grade conduction disturbances 
occurred in 7 patients, all in the group of 15 with an in- 
fected aortic prosthesis: left bundle branch block in 2 
and complete heart block in 5. Thirteen of the 22 pa- 
tients received appropriate antibiotic therapy for more 
than 7 days. Three patients underwent valve replace- 
ment for prosthetic endocarditis. The principal causes 
of death in the 22 patients were congestive heart failure 
(19 patients), central nervous system embolus (2 pa- 
tients) and generalized infection (1 patient). 
Morphologic observations: Among the 22 patients, 
17 had one valve prosthesis and 5 had two valve pros- 
theses. In each of the five latter patients, only the 
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“downstream” prosthesis was infected: the aortic 
prosthesis in the three patients with mitral and aortic 
prostheses, and the mitral prosthesis in the two patients 
with tricuspid and mitral prostheses. Twelve of the 15 
infected aortic valve prostheses and 2 of the 7 infected 
mitral valve prostheses were partially or completely 
detached. In contrast, 5 of the 7 infected mitral pros- 
theses and only 1 of the 15 infected aortic prostheses 
were obstructed by vegetative material. 

Ring abscesses (Table IV) were present in each of the 
22 infected prostheses; in one the abscess was visible 
only by histologic examination. The ring abscess in- 
volved the entire valve anulus in 14 patients and only 
portions of the anulus in the other 8. In 13 of the 22 
patients the infective process spread to adjacent 
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FIGURE 2. Staphylococcus epidermidis prosthetic aortic valve endocarditis in a 48 year old man. He had been well for 11 months after insertion 
of the Starr-Edwards prosthesis when, 1 month before death and 6 weeks after dental extraction, shaking chills appeared and blood cultures were 
positive for Staphylococcus epidermidis. Despite intensive antibiotic therapy, signs of aortic regurgitation appeared, and minutes before death 
he complained of ‘‘feeling funny." a, chest roentgenogram immediately after death revealed that the prosthesis had dislodged and migrated to the 
aortic arch. b, anterior view of the heart and opened ascending aorta. The detached prosthesis ball is visible, lodged in the transverse aorta. L.V. 
= left ventricle; R.V. = right ventricle. c, opened aorta, aortic valve ''ring'' and left ventricle showing a totally necrotic aortic anulus. L.C. = ostium 
of left coronary artery; M.V. — anterior mitral leaflet; R.C. — ostium of right coronary artery. d, opened right atrium (R.A.), tricuspid valve and right 
ventricle showing a ring abscess (dashed circle) that had extended from the prosthetic aortic valve anulus. e, photomicrograph through the aortic 
valve "ring" showing a large ring abscess and the necrotic aortic anulus material that extended through the membranous ventricwlar septum into 


the right atrium. T.V. — tricuspid valve leaflet; V.S. — ventricular septum. (Hematoxylin-eosin X2, reduced by 24 percent.) 
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structures. In 11 of the 15 patients with an infected 
aortic aortic valve prosthesis the ring abscess burrowed 
into adjacent structures: through the ascending aorta 
into the periaortic space (7 patients); through the atrial 
septum into the right atrium (9 patients) or into the left 
atrium (2 patients); through the ventricular septum into 
the right ventricle (8 patients); and into the anterobasal 
left ventricular wall (2 patients). In two patients with 
an infected mitral valve prosthesis the ring abscess 
burrowed through the atrial wall into the pericardial 
space. Histologic examination of the infected rings 
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FIGURE 3. Staphylococcus epidermidis prosthetic aortic valve endo- 
carditis in a 55 year old man. The Starr-Edwards prosthesis was used 
to replace an infected trileaflet Teflon® (Muller) valve 45 days before 
death. a, electrocardiogram revealing complete heart block and signs 
of massive aortic regurgitation that appeared despite antibiotic therapy. 
b, opened aorta, aortic valve and left ventricle. The aortic valve ring 
is necrotic, and the prosthesis is almost totally detached. The cage of 
the prosthesis has burrowed into the wall of the aorta causing a saccular 
aneurysm (An.). M.V. = mitral valve. c, longitudinal section showing 
the caged ball prosthesis burrowing into the ascending (Asc.) aorta, 
producing the aneurysm. R.A. = right atrium; T.V. = septal tricuspid 
valve leaflet; V.S. = ventricular septum. d, photomicrograph through 
the same area after removal of the prosthesis. (Hematoxylin-eosin X2, 
reduced by 25 percent.) 





disclosed colonies of organisms in 13 of the 22 pa- 
tients. 

Both arterial emboli and gross organ infarcts were 
common with both prosthetic aortic and prosthetic 
mitral valve endocarditis (Table V). Grossly visible 
infarcts were present in the spleen in 12, the kidney in 
7 and the brain in 7 of the 22 patients. Two patients had 
a bowel infarct, one a pancreatic infarct and one a 
transmural myocardial infarct. In addition, mycotic 
aneurysms were present in the ascending aorta of three 
patients: in two patients, aneurysms resulted from jet 
lesions from the infected prosthesis and, in the third, 
the cage of the partially detached prosthesis burrowed 
into the wall of a weakened aorta (after an aortotomy 
performed weeks earlier) causing a sacular aneurysm. 

The spleen ranged in weight from 120 to 1,000 g 
(average 460) and in 14 of the 22 patients it weighed 
more than 300 g. The liver ranged in weight from 1,350 
to 2,950 g (average 2,050). 


Comments 
Clinical Features 


Incidence: Study of our 22 necropsy patients and 
analysis of more than 150 necropsy cases of prosthetic 
valve endocarditis reported by others!4-*? allows certain 
general conclusions regarding this condition. It is a 
devastating complication of cardiac valve replacement, 





FIGURE 4. Staphylococcus epidermidis prosthetic aortic valve endo- 
carditis in a 51 year old man. The stenotic bicuspid aortic valve had been 
replaced with a Bjórk-Shiley prosthesis 83 days before death. Fever 
was present in the early postoperative period, and shortly before death 
complete heart block and signs of congestive heart failure appeared. 
a, longitudinal section of the heart with the anterior portion removed. 
The Bjork-Shiley (B-S) prosthesis is partially detached and the ring 
abscess (arrow) has burrowed through the ventricular septum (VS) into 
the right ventricle (RV). LA — left atrium; LV — left ventricle. b, rhythm 
strip obtained shortly before death revealing complete heart block. 
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. but fortunately it is infrequent. The exact incidence rate 
: is uncertain but it is clearly less than 1 percent annually 
. among patients with prosthetic cardiac valves.37.39.45,48 
. Although prospective studies1959? have been inconclu- 
. Sive, retrospective studies!6.!7,51,52 have shown a re- 
. duction in the frequency of early (less than 2 months 
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after valve replacement) endocarditis coincident with 
the use of prophylactic antibiotic therapy. Late pros- 
thetic valve infection now appears to be more common 
than early infection,??4^ presumably because there are 
now so many persons with prosthetic cardiac valves. 
Although the mortality rate is high for both groups, 


FIGURE 5. Serratia marcescens 
prosthetic aortic valve endocarditis 
in a 57 year old man whose infec- 
tion occurred 4 months after re- 
placement of both aortic and mitral 
valves. The apparent source of the 
infection was an intravenous cath- 
eter. Left bundle branch block and 
signs of aortic regurgitation ap- 
peared and, despite massive doses 
of antibiotic agents, he died 3 
months after the onset of symptoms 
of infection. a, view of the aortic 
prosthesis from above. Infected 
thrombus is present on its anulus. b, 
view of the prosthesis as it ap- 
peared from the left ventricle. Some 
of the infected thrombus became 
detached during excision of this 
prosthesis at necropsy. The primary 
orifice is partially obstructed by the 
infected material. c, opened aortic 
root, aortic valve and left ventricle 
(LV) after removal of the aortic 
prosthesis. Most of the aortic ring is 
necrotic. In addition, the portion of 
mitral (M) prosthesis in direct ap- 
position to the aortic anulus also is 
infected. d, view after excision of 
the mitral prosthesis showing ex- 
tension of the aortic anular infection 
into the junctional area between the 
aortic and mitral anuli. LA = left 
atrium. 





. FIGURE 6. Staphylococcus epidermidis endocarditis originally involving a Bjórk-Shiley aortic valve prosthesis that was excised and replaced with 
. a Magovern prosthesis 28 days before death in a 69 year old man. Fever and signs of aortic regurgitation appeared 7 months after aortic valve re- 
placement with the Bjórk-Shiley prosthesis. After replacement with the Magovern prosthesis, a murmur of aortic regurgitation reappeared. At necropsy, 
the sewing ring of the Magovern prosthesis had burrowed deeply into the necrotic anulus, causing the ball of the prosthesis to strike the nonnecrotic 
portion of the aortic wall, probably producing prosthetic aortic stenosis. a, longitudinal section of the heart through the aortic anulus with the Magovern 
prosthesis in place; b, section after removal of the prosthesis. The frame of the prosthesis has burrowed deeply into the necrotic anulus. LA — 


left atrium; LV = left ventricle; MV = mitral valve; RV = right ventricular cavity; VS = ventricular septum. 
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early prosthetic valve infection apparently is more often 
fatal than late infection.37:39.4548 

Etiology: Most early infections either are incurred 
at operation or result from a wound infection.25.29,37,39,45 
Those at operation appear to result from contamination 
of the cardiopulmonary bypass equipment.°*°* 
Staphylococcus is the organism cultured most fre- 
quently from cardiopulmonary bypass equipment and 
it is the most frequent cause of early prosthetic valve 
endocarditis. !4:1618,25,30,37,39,44.45 When gram-negative 
bacteria or fungi cause endocarditis early, they are 
usually also recovered from the operating room equip- 
ment or from a wound infection.?59?? Late infections 
usually result from transient bacteremias.?7:39/45/4* A]- 
though both staphylococci and streptococci are frequent 
causes of clinically diagnosed late prosthetic valve en- 
docarditis,3739.4 the former have caused most cases of 
necropsy-proved late endocarditis and the latter rela- 
tively few. In none of our 22 necropsy patients was the 


FIGURE 7. Staphylococcus aureus prosthetic 
mitral valve endocarditis in a 47 year old man who 
had the onset of symptoms of infective endocar- 
ditis 4 months after valve replacement. He had 
done well during the first 3 months after operation, 
but symptoms of infection developed after grafting 
of a cutaneous ulcer. Signs of prosthetic dys- 
function were never detected clinically. a, pros- 
thetic mitral valve orifice obstructed by vegetative 
material, as viewed from the left atrium. b, opened 
left atrium, mitral anulus and left ventricle after 
removal of the mitral prosthesis. The entire anulus 
is necrotic. AV = aortic valve. c, mitral valve 
prosthesis showing infected thrombus at its base. 
d, longitudinal section through the left atrium (LA), 
mitral anulus and left ventricle (LV). The former 
site of attachment of the prosthesis is designated 
by the dashed lines. The infective process bur- 
rowed through the wall of the heart and caused 
pericarditis. CA — coronary artery; CV — coronary 
vein in the right atrioventricular sulcus. e and f, 
hematoxylin-eosin-stained histologic sections of 
the left ventricle remote from the infected mitral 
anulus. e, infected embolus in an intramural cor- 
onary artery. f, microscopic-sized myocardial 
abscess. (X400 [e] and X 160 [f], reduced by 24 
percent?) 





infection caused by Streptococcus. Staphylococcus was k 
the most common cause of endocarditis in our patients _ 
whether the infection occurred early or late. T 
Blood cultures: Among patients with prosthetic 
valve endocarditis, blood cultures are almost always - 
positive, except when the infections are caused by cer- . 
tain fungi.272831,32,37,9,444548 Blood cultures were | 
positive during life in each of our 20 patients with en- . 
docarditis caused by bacteria and were negative in each 
of our 2 patients with fungal endocarditis. Blood cul- — 
tures were positive in only 3 of 39 patients with endo- i 
carditis caused by Aspergillus species in a series re- _ 
viewed by Kammer and Utz.55 ad 
Prosthetic valve dysfunction: Signs of prosthetic 
valve dysfunction are usually present when the aortic - 
prosthesis is infected and usually absent when the mi- 
tral prosthesis is infected. Clinical signs of aortic re- - 
gurgitation were present in 11 of our 15 patients with | 
an infected aortic valve prosthesis. In three of the four 
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patients without clinical signs of aortic regurgitation, 
the prosthesis was not detached at necropsy. Among 


patients with acute aortic regurgitation, however, classic 
_ signs of aortic regurgitation may be absent.56-59 Signs 


of aortic regurgitation were not detected in three of nine 


-necropsy patients with prosthetic aortic valve endo- 


carditis described by Madison et al.,*4 but all three had 


. prosthetic detachment at necropsy. 


In contrast, patients with infection involving the 
mitral valve prosthesis usually have no clinical signs of 


. prosthetic mitral valve dysfunction. Clinical signs of 
-such dysfunction were not detected in any of our seven 
_ patients with prosthetic mitral valve endocarditis al- 
_ though the prosthesis was significantly obstructed by 
- vegetative material in five of the seven and partially 
. detached from the anulus in two.!? McAllister et al.43 


reported on two patients with virtual total obstruction 


. of the mitral prosthesis. 


. Morphologic Features 
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Valve ring abscess: The most consistent morpho- 
logic feature of prosthetic valve infection in our 22 pa- 


z M 


_ FIGURE 8. Staphylococcus epidermidis prosthetic mitral valve endocarditis in a 46 year old man who died 16 months after mitral valve replacement 
. with a Starr-Edwards prosthesis. Eight months postoperatively, when he was asymptomatic, cardiac catheterization disclosed normal left atrial 
. pressure and cardiac output. Signs of infection appeared 15 months after valve replacement. Despite antibiotic therapy, fatal congestive heart 
. failure developed. a, mitral valve prosthesis as viewed from the left atrium. A large infected thrombus virtually occludes the mitral valve orifice. 
gb; opened aorta, aortic valve (AV) and left ventricle (LV) showing infected thrombus on the cage of the mitral prosthesis. c, opened left atrium and 
- ventricle showing a completely necrotic mitral valve anulus. The prosthesis has been removed. 
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tients was infection behind the site of attachment of the 
valve prosthesis, resulting in valve ring abscess. Ring 
abscess was present in each of our 22 patients, and in 14 
the infection involved the entire circumference of the 
valve anulus. In several patients, however, only a portion 
of the circumference of the valve anulus was involved 
and, in one patient, histologic examination of the anulus 
disclosed infection that had not been apparent on gross 
examination. Extension of the ring infection to adjacent 
cardiac structures was common, especially when the 
aortic prosthesis was infected. This extension resulted 
in the frequent occurrence of both intracardiac fistulas 
and complete heart block or left bundle branch block. 
Among nine necropsy patients with prosthetic aortic 
valve endocarditis described.by Madison et al.,44 each 
had infection at the site of attachment of the prosthesis, 
and atrioventricular conduction defects developed in 
7 (44 percent) of their entire group of 16 patients with 
prosthetic aortic valve endocarditis. Obviously, it is the 
occurrence of the infection behind the site of attach- 
ment of the prosthesis that makes reoperation so haz- 
ardous. Were the infection limited to the interior por- 








| d | 2? itis i 9 : 10 years after replacement 
FIGURE 9. Staphylococcus epidermidis prosthetic mitral valve endocarditis in a 59 year old woman. The infection appeared year: ! 

. of both bem ct tricuspid valves. At necropsy, only the mitral prosthesis was infected. a, infected mitral valve prosthesis viewed from the left 
- ventricle. Vegetative material (V) is present on the prosthetic anulus just below the aortic valve. b, prosthesis as viewed from the left atrium showing 
vegetations (V) at the junction of the prosthetic and natural valve anuli. c, same view after removal of the prosthesis showing even greater extensiveness 


of the infection at the site of attachment of the prosthesis. 
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tion of the prosthesis, excision of the prosthesis should 
eliminate the infection. Unfortunately, as demonstrated 
in our patients and in those described by oth- 
ers, 20:35,38.43,44,47 the tissues behind the site of attach- 
ment of the prosthesis usually are involved by the in- 
fective process. 


Treatment 


Replacement of infected prosthesis: The occur- 
rence of a grossly necrotic anulus at the time of reop- 
eration for prosthetic valve endocarditis does not nec- 
essarily mean that valve replacement will be fruitless. 
Although it may be grossly necrotic, the anulus may be 
free of colonies of organisms and cultures of the necrotic 
anulus may be negative. In 9 of our 22 patients with 
prosthetic valve endocarditis and ring abscess, no 
stainable organisms were found in histologic sections 
from the prosthetic anulus. 

One hazard of inserting a prosthesis in a necrotic 
anulus at the time of valve replacement for prosthetic 
valve endocarditis is burrowing of the sewing ring of the 
new prosthesis into the necrotic anulus with resulting 
impingement on movement of the poppet of the pros- 
thesis by adjacent tissue. This sequence occurred in one 
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of our patients and resulted in prosthetic aortic stenosis 
from inability of the ball to ascend in the cage (Fig. 
6). | 
Tissue valve endocarditis: Although prosthetic 
valve endocarditis in patients with rigid-framed pros- 
theses (the kind present in our 22 patients) usually in- 
dicates infection behind the site of attachment of the 
prosthesis, that is, the sewing ring, ring abscess may be 
less frequent with endocarditis involving tissue valves. _ 
Indeed, in animals and in man, the infective process 
may be limited to the cusps of the tissue valve, as when - 
infective endocarditis involves natural valves.6%61 Thus, 
the chance of cure, either by antibiotic therapy or valve 
replacement, or both, when infective endocarditis is 
superimposed on a homograft or heterograft (porcine. 
valve, for example) is much better than when endocar- 
ditis involves a rigid-framed prosthesis.9! This, then, 
is an advantage, although a small one, of the tissue valve 
(porcine) over the rigid-framed prosthesis. 
Diagnosis: Establishment of the diagnosis of pros- 
thetic valve endocarditis, particularly in the early 
postoperative period at times may be difficult, as. 
pointed out by several investigators.4^96263 Diagnosis 
in the late postoperative period, in contrast, is usually 





FIGURE 10. Candida species prosthetic mitral valve endocarditis in a 37 year old woman who underwent valve replacement 125 months before 
death because of mitral stenosis (mean mitral gradient 7 mm Hg) and regurgitation. Her tricuspid valve was replaced with a porcine xenograft because 
of severe tricuspid regurgitation 66 days before death. Postoperatively, she required prolonged use of a transthoracic pacing wire, which was the 
apparent source of the infection. She died from central nervous system embolism. Necropsy disclosed infection of the mitral valve prosthesis. 
a, mitral valve prosthesis viewed from the left atrium; b, prosthesis viewed from the left ventricle. Large vegetations are present on the base and 
struts of the prosthesis. c and d, removed mitral valve prosthesis viewed from two different sides showing large vegetations. e, photomicrograph 
of Candida species in the mitral vegetations. (Methenemine silver stain X860, reduced by 23 percent.) f, photomicrograph of microabscess in the 
left ventricular myocardium. (Hematoxylin-eosin X80, reduced by 23 percent.) 
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. FIGURE 11. Left ventricular aneurysm simulating prosthetic valve 
- endocarditis in a 46 year old woman. She had almost daily fever after 
mitral valve replacement 4 months before death and one of many blood 
.. cultures grew Staphylococcus epidermidis and diphtheroids. The clinical 

diagnosis was prosthetic valve endocarditis and she was treated with 

_ prolonged intravenous antibiotic therapy. She died from central nervous 
_ System embolism. At necropsy, an aneurysm was present in the basal 
- portion of the left ventricular free wall. The prosthesis and its anulus 
- were free of signs of infection. a, longitudinal cut of the left atrial (LA.) 
wall, mitral anulus (A) and left ventricular (L.V.) wall through the aneu- 
rysm. b, histologic section of the aneurysm (Movat stain). Thrombus 







TABLE VI 

















made quite readily.596263 It is worth emphasizing, 
however, that the combination of fever and a positive 
blood culture in a patient with a prosthetic cardiac valve 
does not always indicate the presence of prosthetic valve 


infection. We recently studied a patient at necropsy who - 


was diagnosed during life as having prosthetic mitral 
valve endocarditis on the basis of fever, cerebral epi- 
sodes consistent with emboli, and one blood culture that 
grew Staphylococcus epidermidis and diphtheroids. She 
received antibiotic treatment during most of her 4 
month postoperative period and at necropsy no endo- 
carditis was found. A left ventricular aneurysm was 
present immediately caudal to the mitral anulus and a 
sterile thrombus was present in the aneurysm (Fig. 11). 
The latter was the likely source of the cerebral embo- 
li. 

Antibiotic agents: There seems to be a general view 
that prosthetic valve endocarditis can at times be cured 
by antibiotic drugs. For such cure to be established, 
however, it is necessary that prosthetic valve endocar- 
ditis be confirmed during life, and this unequivocal 
confirmation can be obtained only by examination of 
the prosthetic valve and its anulus (site of attachment) 
at reoperation. In other words, to establish cure of 
prosthetic valve endocarditis it is necessary to be ab- 
solutely positive of the diagnosis. Although this con- 
firmation is usually not obtained, it has now been ob- 
tained in enough patients to support the view that 


prosthetic valve endocarditis can indeed be cured in 
some patients.16.17.21,23,24,29,30,37,39,44,45,48,64,65 




















Mitral Valve Aortic Valve 
Prosthetic Natural Prosthetic Natural 

B. no. 96 no. 926 no. 96 no. 926 
lE eee M —  —— M MÀS Eee 
_ Necropsy patients (no.) 7 22 15 52* 

_ Age (yr) (range and average) 37—65 15—74 37—69 17—83 
EÉE-. (52) (43) (54) (45) 

Sex ratio (male:female) 3:4 12:10 13:2 41:11 
. Underlying valve disease T 100 7 32 15 100 26 50 
Rheumatic — — 6 27 — — 4 8 

. Congenital — — 0 0 — 12 23 
.. Other — — 1t 5 - — 101 19 
None — — 15 68 — 26 50 
. Previous episode IE. 1 14 0 0 1 7 3 6 
. Infecting organism 
Staphylococcus 4 57 7 32 9 60 13 25 
|. Alpha streptococcus 0 0 0 0 0 0 9 17 
.—.. Pneumococcus 0 0 2 9 1 7 6 12 
. Valve regurgitation (from IE) 2 29 14 64 12 80 36 69 
- Valve stenosis (from IE) 5 71 1 5 1 7 1 2 
_ Valve-ring abscess — 7 100 1 5 15 100 21 40 
. Camplete heart block S 0 0 1 5 5 33 4 8 
- Left bundle branch block 8 0 0 0 0 2 13 0 0 
-. Organ infarcts 5 71 17 77 9 60 31/47 66 
- Spleen >300 g 2/6 33 3 20 12 80 


19/38 50 


a | 
E. * Eighteen of the 52 also had infection of the mitral valve, but in at least 13 of them the mitral valve infection appeared to be secondary to 
the aortic valve infection. | 

Ey T Floppy mitral valve. | yes 

E : poo ee (5 patients); previous infective endocarditis that healed (3 patients) and uncertain origin (2 patients). fe 
ap <0.05. : 
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Comparison With Endocarditis Involving Natural 
Valves 


Comparison of observations in our 22 patients with 
prosthetic valve endocarditis with our observations in 
74 nonsurgically treated necropsy patients with active 
infective endocarditis involving natural left-sided car- 
diac valves disclosed certain clear differences between 
the two groups (Table VI): (1) Ring abscess was always 
present in patients with prosthetic valve endocarditis 
regardless of the site of the prosthesis, but was present 
in only 30 percent of the comparison group and then, 
with rare exception, only when the aortic valve was in- 
fected. (2) The hemodynamic consequences were dif- 
ferent. Prosthetic valve endocarditis caused valve ob- 
struction nearly as often as valve regurgitation, whereas 
valve stenosis from active infective endocarditis in- 
volving natural cardiac valves was extremely rare.!0.66 
(3) Spread of ring abscess was more extensive in patients 
with prosthetic valve endocarditis than in patients with 
natural valve endocarditis, and consequently the fre- 
quency of high grade conduction defects was much 
greater in the former patients. (4) The infecting or- 
ganism in fatal prosthetic valve endocarditis was most 
commonly the Staphylococcus. Alpha streptococcus, 
which remains a common cause of fatal active infective 
endocarditis in patients with natural cardiac valves, is 
a rare cause of fatal prosthetic valve endocarditis. 

Valve ring abscess: Among patients with infective 
endocarditis involving native cardiac valves, ring ab- 
scess when present almost always (95 percent of cases) 
involves the aortic valve.97 Among our necropsy patients 
with active infective endocarditis involving a natural 
aortic valve, 40 percent had a valve ring abscess, whereas 
only 5 percent of patients with endocarditis involving 
a natural mitral valve had a ring abscess. In contrast, 
each of our 22 patients with prosthetic valve endocar- 
ditis had a ring abscess. Thus, valve ring abscess is the 
usual morphologic feature of prosthetic valve endo- 
carditis, regardless of the valve infected. 

Ring abscesses in patients with infection involving 
prosthetic valves are generally more extensive than 
those in patients with active infective endocarditis in- 
volving natural cardiac valves. This appears to be a 
consequence of the rigid nature of the prosthetic frame. 
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Once the prosthesis is loosened by the infection, the 
rocking-rigid frame promotes spread of the infection. 1 
The greater turbulence across the aortic valve prosthesis | 
probably accounts for the generally more extensive 
nature of ring abscess with prosthetic aortic than with 
prosthetic mitral endocarditis. A consequence of this- 
extension is the greater frequency of complete heart 
block and left bundle branch block in patients with 
prosthetic aortic valve endocarditis (32 percent) than. 
in patients with natural aortic valve endocarditis (8. 
percent). 4 

Infecting organism: Staphylococcus (either aureus 
or epidermidis) is the most common cause of prosthetic 
valve endocarditis (59 percent). Many different or- 
ganisms cause the remainder of the infections. Although 
alpha streptococcus was the responsible organism in 17. 
percent of our 74 patients with natural aortic valve in- 
fection, this bacterium was not the causative organism 
in any of our 22 patients with prosthetic valve endo- 
carditis. a 

Valve dysfunction: The hemodynamic consequences 
of prosthetic valve endocarditis vary with the site of the 
infected prosthesis. Valve regurgitation developed in 
12 of the 15 patients (80 percent) with prosthetic aortic 
valve endocarditis and in 2 of the 7 patients (28 percent) 
with prosthetic mitral valve infection. In contrast, valve 
obstruction developed from the infection in 5 of the 7 
patients (71 percent) with prosthetic mitral valve en- 
docarditis, and in 1 of the 15 patients (7 percent) with 
prosthetic aortic valve endocarditis. Among patients 
with natural left-sided valve infection, 65 percent (64 
percent of those with mitral valve disease and 69 percent 
of those with aortic valve disease) had valve regurgita- 
tion from active infective endocarditis, and relatively 
few (3 percent) had valve obstruction from the endo- 
carditis.!? Thus, aortic prosthetic valve endocarditis 
almost always causes valve regurgitation and mitral 
prosthetic valve endocarditis most often causes valve 
obstruction. 

Splenomegaly (greater than 300 g) is common both 
in patients with prosthetic valve endocarditis (64 per- 
cent) and in patients with native left-sided valve en- 
docarditis (37 percent). The frequency of infarcts in 
other body organs is similar in both groups (64 and 70 
percent, respectively). Y. 
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Echocardiography was performed in 10 consecutive patients who had 
a clinically normally functioning porcine aortic bioprosthesis in the mitral 
position. Strong well defined echoes were recorded from the anterior and 
posterior aspects of the xenograft stent. The maximal separation of the 
anterior and posterior stent echoes approximated the diameter of the stent 
at its base. The maximal excursion of the anterior stent was 5 to 10 mm 
(mean 7.5) with a mean systolic slope of 15 to 35 mm/sec (mean 22.2) — 
and diastolic slope of 11 to 59 mm/sec (mean 21.5). In all 10 patients it 
was possible to record an anterior xenograft leaflet with anterior move- - 
ment at the onset of diastole and posterior movement at the onset of 
systole and with appropriately steep (more than 200 mm/sec) slopes. 
The diastolic (E-F) slope of the anterior leaflet in 9 of the 10 patients 
ranged from 9 to 38 mm/sec (mean 19). In 6 of the 10 patients a posterior 
xenograft leaflet with a movement pattern symmetric with that of the 
anterior leaflet was recorded. In two patients, the central aortic leaflet 
was recorded with little diastolic displacement. These two patients also _ 
had mild aortic regurgitation, which was associated with diastolic shudder 
of the the xenograft leaflets. 

Echocardiography was also performed in one patient who was later 
shown to have a 10 cm? thrombus on the ventricular surface of a xenograft 
valve. The echocardiogram in this patient revealed the following abnor- 
malities: (1) excessive anterior stent movement and systolic slope 
suggesting paravalvular leak in the presence of abnormal cinefluoroscopic 
valve tilt, and (2) multiple dense nonhomogeneous echoes between the 
anterior and posterior aspects of the valve stent, with an early diastolic 
clear space behind the anterior stent and abnormal echoes behind the 
posterior stent during systole. Echocardiography therefore appears to be 
useful in evaluating the porcine aortic bioprosthesis in the mitral posi- 
tion. 


Recent reports indicate favorable long-term survival rates of patients — 


with a xenograft aortic valve in the mitral position.! Since widespread — 
use of such valves is possible, knowledge of their normal echocardi- 
ographic appearance will be useful. 


Material and Methods 


Eleven adult patients were studied consecutively. T'heir ages ranged from 20 
to 72 years (mean 34.7). Ten patients had a clinically normally functioning 
flexible stented porcine aortic bioprosthesis in the mitral position and one patient 
had a 10 cm? thrombus within the valve leaflets, primarily on the ventricular 
side of the valve. Two of the 10 patients had mild aortic regurgitation. Ten pa- 
tients were studied at least 1 month after surgical placement of the valve. The 
De interval between operation and the echocardiographic study was 16 
montns. 

All patients were thoroughly examined with a series C-100 Unirad echoscope 
using a 2.25 megahertz 5/8 inch (1.59 cm) diameter transducer focused at 10 cm. 
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ECHOCARDIOGRAM OF BIOPROSTHESIS IN MITRAL POSITION—BLOCH ET AL. 


Recordings were made on a model 174 Tektronix strip chart 
recorder, using either heat- or light-sensitive paper. A stan- 
dard M mode heart scan was performed by placing the 
transducer in the left parasternal interspace where the mitral 
valve echoes were best seen. The transducer was then rotated 
in a partial arc, from the mitral valve to the ascending aorta 
and to the cardiac apex. To record the xenograft mitral valve 
leaflets it was usually necessary to keep the focus on the an- 
terior and posterior aspects of the bioprosthetic stent (Fig. 1) 
while slowly increasing or decreasing the gain and “sweeping” 
from the superolateral to the inferomedial position and back 
again. Since the structure (stent) that supports the leaflets 
resembles a cylinder when it is examined echocardiographi- 
cally near its diameter, it appears as two parallel discontinuous 
structures that will be described as “anterior” and “posterior” 
stent, respectively. 
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Echocardiographic measurements: The diameter of the 
stent was measured as the distance between the anterior 
echoes of the anterior and posterior stent (Fig. 1). Use of the 
distance from the anterior echoes of the anterior stent to the 
posterior echoes of the posterior stent had proved an unréli- 
able measure of stent diameter because the latter echoes often 
overlapped those of other structures or reverberations (Fig. 
2 to 4). A range of values for stent diameter resulted from 
making measurements wherever the anterior and posterior 
stent could be defined by appropriate damping. The “true” 
stent diameter was obtained by subtracting 3 mm (the in vitro 
estimate of stent thickness) from the manufacturer's stated 
anulus diameter. This gave the ultrasonically detectable 
maximal stent diameter, located at the nadir (or base) of the 
stent, measured from the anterior side of the anterior stent 
to the anterior side of the posterior stent (Fig. 1). The maximal 
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FIGURE 1. Echocardiogram of a nor- 
mally functioning porcine aortic 
bioprosthesis in the mitral position. 
Linear echoes of the valve leaflets (PL) 
separate during diastole and reunite 
during systole. The diagram (right 
panel) shows how the measurements 
were made: a = systolic slope of the 
anterior stent; b = systolic excursion of 
the anterior stent; c = maximal dia- 
stolic leaflet separation; d = stent di- 
ameter; e — diastolic slope of the an- 
terior stent; f — mid-diastolic closure 
rate (E-F slope) of the anterior leaflet. 
ARVW = anterior right ventricular wall; 
AS = anterior stent; CW = chest wall; 
ECG = electrocardiogram; IVS = in- 
terventricular septum; LA = left atrium; 
PS = posterior stent. 
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FIGURE 2. Echocardiogram of the 
porcine aortic bioprosthesis in the mi- 
tral position with thrombus. Multiple 
dense nonhomogeneous echoes are 
present mostly between the valve stent 
(arrow). They are most prominent be- 
hind the posterior stent during systole 
(AE). LAW = left atrial wall; other ab- 
breviations as in Figure 1. + 
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FIGURE 3. Echocardiogram of a nor- eee 
mally functioning porcine aortic í a re AT 
bioprosthesis in the mitral position in a i N (1 i ag nue 
patient with aortic regurgitation. A, left ^d - [ 

to right scan from the bioprosthesis 

with its three leaflets at the level of the 

atrioventricular junction to the left 

ventricular cavity. As the scan pro- B 
ceeds, the bioprosthetic echoes dis- 
appear abruptly. The interventricular 
septum moves paradoxically during 
systole. B, schematic diagram of the 
echocardiogram of the bioprosthesis. 
The arrows and cylinder indicate the 
direction and location of the ultrasonic 
beam as it traverses the bioprosthesis. 
All three leaflets are visualized in the 
echocardiogram, partly because of the 
diastolic shudder caused by aortic re- 
gurgitation. C, scan from the aortic root 
to the porcine aortic bioprosthesis in 
the mitral position. The posterior aortic 
wall (PAW) is continuous with the an- 
terior stent. AAW = anterior aortic wall; 
Ant. = anterior; CW = chest wall; ECG 
= electrocardiogram; IVS = interven- 
tricular septum; LA = left atrium; LV = 
left ventricle; PAW = posterior aortic 
wall; PL = anterior and posterior 
bioprosthetic, leaflets; Post. = poste- 
rior; RV = right ventricle; RVOT = right 
ventricle outflow tract. 
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excursion of the anterior stent and its systolic and diastolic 
slopes were measured as shown in Figure 1. The slope of the 


anterior movement of the anterior stent during systole will be 


referred to as the systolic slope, and the slope of the posterior 
movement of this stent during diastole as the diastolic slope. 
Since the movements and slopes of the anterior and posterior 
stent were virtually identical, we have measured the anterior 
stent only. 

The internal diameter of the stent was measured as the 
maximal observed distance from the posterior echo of the 
anterior stent to the anterior echo of the posterior stent during 
appropriate damping. The opening and closing slopes of the 
xenograft leaflets were measured. The mid-diastolic closure 
rate (E-F slope) of the anterior leaflet and the maximal dia- 
stolic separation of the leaflets (from their closest borders) 
were measured whenever appropriate visualization was ob- 
tained (Fig. 1). 


Results 
Stent measurements: Strong well defined echoes 


. were always observed from the anterior and posterior 


- TABLE! 


E Echocardiographic Measurements of the Porcine Aortic 
 Bioprosthesis in the Mitral Position 





PiunPHibmieter (mm) Anterior Stent Movement 





; Excur- Systolic Diastolic 
ECaso. . “True’* Ultrasonic sion Slope Slope 
. no. External External Internal (mm) (mm/sec) (mm/sec) 

P. AT 20 19 16 6 ie 17 

E 2 22 24 18 6 19 15 
3 24 30 18 5 15 14 
4 24 22 17 8 26 22 
5t 26 25 21 8 15 15 
6 26 27 20 9 35 59 
71 26 24 18 6 20 15 
8 28 29 24 10 26 11 
9 28 29 23 7 24 34 
107 ? 25 20 10 22.5 13 
Mean 7.5 22.2 21.5 
1111 33 Indefinite 21 61 26 





*Derived by subtracting 3 mm from the anulus size used by the 
manufacturer and surgeons. 
Patients with sinus rhythm. 


ÍPatient with thrombus attached to inner surfaces of xenograft 


_ leaflets. 
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FIGURE 4. Echocardiogram of a nor- 
mally functioning porcine aortic 
bioprosthesis in the mitral position in a 
second patient with aortic regurgitation. 
The diastolic shudder is greatest on the 
posterior leaflet although present on all 
three leaflets. During attenuation, the 
weaker leaflet echoes disappear before 
the stronger echoes of the stent. AS — 
anterior stent; CW — chest wall; ECG 


= electrocardiogram; IVS = interven- 
tricular septum; LVPW = left ventric- 
ular posterior wall; PS = posterior 


stent. 


stent of the normally functioning xenografts (Fig. 1). 
Maximal measurements of stent diameter are given in 
Table I. The stent diameter of the heterograft with 
thrombus could not be measured unless the true stent 
dimensions were used as a guide. When this was done, 
extraneous echoes were evident behind the stent during 
systole (Fig. 2). The maximal stent diameter measure- 
ment in eight of the nine patients with a normal pros- 
thesis was within 2 mm (mean 1.9 mm) of the “true” 
stent diameter (Table I). The internal diameter of the 
stent ranged from 16 to 24 mm and corresponded closely 
with the maximal stent diameter when allowance was 
made for stent thickness (Table I). Maximal movement 
of the anterior stent ranged from 6 to 10 mm (mean 7.5). 
The maximal systolic slope of this stent ranged from 15 
to 35 mm/sec (mean 22.2) and the maximal diastolic 
slope from 11 to 59 mm/sec (mean 21.5). In the patient 
whose xenograft had thrombus, values were abormally 
high for both maximal systolic anterior stent movement 
(21 mm) and slope (61 mm/sec). In this patient the 
maximal bioprosthetic valve anulus tilt along the valve’s 
long axis was 14° as measured in successive frames of 
the cinefluoroscopic filmstrip. 


TABLE II 


Ultrasonic Measurements of the Leaflets of the Normal 
Porcine Aortic Bioprosthesis in the Mitral Position 








Manu fac- Maximal 
turer's et Diastolic 
Aen Mc Slopes plis y Leaflet aafia 
Case Diameter Separation 
no. (mm) Opening E-F Closing (mm) 
1 23 266 15 354 12 
2 25 329 — 2600 e 
3 27 326 16 300 10 
4 27 383 26 279 10 
5 29 276 16 424 14 
6 29 209 38 523 — 
7 29 280 18 244 -- 
8 31 253 9 340 10 
9 31 378 22 >600 — 
10 ? 285 13 255 . -— 
Mean 299 19 392 11 
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Valve leaflet echoes: Echoes from all three valve 
leaflets occasionally were seen between the thick par- 
allel lines of echoes from the circular stent. Except for 
timing, the excursions of the xenograft valve leaflets 
resembled those of the normal human aortic valve. An 
anterior xenograft leaflet was recorded in all 10 patients 
with a normally functioning bioprosthesis (Fig. 1 and 
3). Opening slopes in early diastole ranged from 209 to 
383 mm/sec. The E-F slopes corresponded closely with 
the diastolic slopes of the stent (Tables I and II), ranging 
from 9 to 38 mm/sec. Closing slopes in early systole 
ranged from 244 to more than 600 mm/sec. A posterior 
xenograft leaflet (Fig. 3 and 4) was recorded in 6 of the 
10 patients. Five of these patients had a measurable 
opening slope in early diastole of 207 to 561 mm/sec. 
Closing slopes of the posterior leaflet in early systole, 
measured in three patients, ranged from 269 to more 
than 600 mm/sec. Maximal diastolic leaflet separation, 
measured in five patients, ranged from 10 to 14 mm. In 
the two patients with coexisting mild aortic regurgita- 
tion, a third centrally located leaflet was seen in asso- 
ciation with moderate diastolic fluttering of all three 
leaflets (Fig. 3 and 4). 

Xenograft with superimposed thrombus: In the 
patient whose xenograft had thrombus confirmed at 
operation, multiple dense nonhomogeneous echoes were 
recorded from between the anterior and posterior stent 
instead of the leaflets (Fig. 2).? In addition, a clear space 
just behind the anterior stent in early diastole mimicked 


the clear space characteristic of an atrial myxoma. A flat . 


(4 to 11 mm thick) triangular (18 to 21 mm per side) 
thrombus was attached to the internal aspect of two of 
the leaflets, and its mobility allowed slight protrusion 
into the atrium only. This patient with a history of 
bacterial endocarditis was studied 16 months after in- 
sertion of the porcine xenograft in the mitral position. 
His bioprosthesis was replaced with a disc prosthesis 

when the thrombus was discovered. 
— [neach patient the M mode scan from the aortic root 
to the porcine aortic bioprosthesis in the mitral position 
revealed continuity between the posterior aortic wall 
and the anterior stent of the bioprosthesis (Fig. 3C). 
During further scanning from the prosthesis toward the 
apex of the left ventricle, the bioprosthetic stent and 
leaflet echoes disappeared abruptly (Fig. 3A). Paradoxic 
interventricular septal motion was uniformly present 
(Fig. 1, 3 and 4). 

Discussion 

Echocardiography has been useful in evaluating 
normal and abnormal mitral valves and mitral valve 
prostheses.?-? It also appears to be useful in evaluating 
porcine aortic heterografts in the mitral position. 
Nonquantitative echocardiographic descriptions of the 
normal and at least one abnormal homograft aortic 
valve in the mitral position have been published.® 

The thick parallel bands of echoes from the anterior 
and posterior valve stent can be simultaneously re- 
corded with appropriate focusing and damping. Figure 
3B shows the relation of the ultrasonic beam and the 
prosthetic'valve and the resulting echocardiogram. In 
most patients, echocardiograms were recorded from 
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several transducer positions, resulting in many instances _ 
in different measurements for stent diameter. In each | 
instance the maximal diameter from any transducer - 
position was the value used. The maximal distance be- 
tween the anterior echoes from the two stent compo- 
nents approximated the calculated diameter at the base 
of the stent (Table I). Submaximal measurements were 
attributable to ultrasonic transection of the stent at less 
than the maximal diameter. The ability of the flexible: 
stent apexes to bend inward slightly probably also 
contributed to making ultrasonic measurements of di- - 
ameter smaller than those in vitro." Since the internal 
diameter of the stent could be easily determined, in- 
ability to demonstrate this diameter may suggest that - 
the stent lumen is occupied by extraneous material, as — 
occurred in the xenograft with thrombus. The inter- - 
ventricular septum lies in front of the stent, and the - 
posterior wall of the left atrium or left ventricle is be- 
hind it. ue 
Comparison with normal aortic and mitral | 
valves: The echocardiographic excursions of the porcine 
bioprosthetic valve leaflets resemble those of the normal 4 
human aortic valve.’ The linear echoes from the porcine - 3 
leaflets separate early in diastole and rejoin each other . 
at the beginning of systole. To be recorded, they require - 
a higher gain setting than the stent, presumably because . 
they are less reflective than the polypropylene and — 
Dacron? stent. The anterior xenograft leaflet was re- - 
corded in all patients with a normally functioning 
bioprosthesis, thus suggesting that failure to visualize - 
this leaflet is abnormal, as in the patient with thrombus : 
on the xenograft. It is also possible that a decrease in the — 
uniformly rapid maximal diastolic opening and systolic 
closing slopes of the anterior and posterior valve leaflets | 
indicates abnormal function, as in patients with a cal- — 
cified homograft aortic valve. The close correspondence _ 
of the normal anterior leaflet E-F slopes with that of the © 
anterior stent in mid-diastole suggests that there is only — 
slight closure of the leaflets in early and mid-diastole. - 
This possibility is in accord with reports of a mild dia- - 
stolic hemodynamic gradient even when these valves are - 
functioning normally.? The maximal amplitude of diz 
astolic leaflet separation (averaging 11 mm) could be 
accurately recorded in only five patients because of | 
difficulty in adequately visualizing the posterior leaflet. 
The extent of valve leaflet separation of the porcine. 
aortic xenograft during diastole is moderately less than 3 
that of either the normal human aortic valve during - 
systole, which ranges from 16 to 26 mm,!? or the normal - 
mitral valve during diastole.!! The relatively smaller - 
leaflet separations of the normal porcine aortic xeno- — 
grafts may account for the mild diastolic hemodynamic — 
gradient reported across them. Although the maximal © 
diastolic leaflet separations show some correspondence ~ 
with values for internal diameter of the stent, they — 
aren't always proportional (Tables I and II). This may © 
be due to lack of optimal ultrasonic beam orientation — 
or to relative stenosis of the valve. A final conclusion 1 
should await further data. a 
Identification of xenograft leaflets and aortic - 
regurgitation: The difficulty in adequately visualizing | 
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_ the posterior xenograft leaflet in many patients is 
_ probably due to the obliquity of its ultrasonic beam 
-. transection with respect to the posterior stent in dias- 
. tole. In both patients with aortic rugurgitation this 
. leaflet was made apparent by diastolic shuddering (Fig. 
_ 8 and 4). The diastolic shudder due to aortic regurgi- 
. tation also made the echocardiographically central 


— (third) aortic leaflet easily identifiable. In most other 


_ patients, only two valve leaflets were well identified. 

. . Echocardiographic scanning from the aorta to the 
. mitral bioprosthesis revealed the continuity of the 
. posterior aortic wall with the anterior stent. Continuing 
. the sean to the apex of the left ventricle revealed para- 
3 doxic systolic motion of the interventricular septum, 
. which has previously been observed in many patients 
. with a prosthetic mitral valve. Its mechanism is uncer- 
. tain, and it usually resolves within 6 months after op- 
. eration.!?.13 

_ Identification of graft thrombus: The xenograft 
with thrombus was abnormal as revealed by the ab- 
normally high values for maximal systolic anterior 
. movement and systolic slope of the stent.? Normally, 
. movement of the stent can be considered to coincide 
. with movement of the mitral anulus, with both struc- 
. tures moving anteriorly during systole and posteriorly 
_ during diastole. The diastolic slopes of backward stent 
. movement were greatest in patients with atrial fibril- 
- lation, in whom they varied inversely with the length of 
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the R-R interval. The normal diastolic posterior slope 
of the anterior stent in the xenograft with thrombus 
makes it uncertain whether there was increased ob- 
struction to left ventricular filling. 18 

The combination of absent leaflet echoes and dense 
nonhomogeneous echoes from the stent on repeated 
examinations suggested abnormal material such as 
thrombus within the stent. Additional clues to a myx- 
oma-like mass in the space between the xenograft 
leaflets were the early diastolic clear space and the ab- 
normal systolic echoes behind the anterior stent. At 
operation, the prosthetic valve with a thrombus on the 
leaflets was excised intact. The mobile thrombus pro- 
truded slightly from the atrial side of the valve. How- 
ever, its attachment did not appear to allow anterior 
protrusion, thus making a paravalvular leak or mitral 
anulus aneurysm the presumed explanation for the 
excessive maximal anterior stent movement and slope. 
Since the maximal prosthetic valve tilt of 14° exceeded 
12°, it strongly suggested a paravalvular leak,!4 but such 
a leak could not be demonstrated when the biopros- 
thesis was later replaced. 
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This study of 24 women under age 40 years with myocardial infarction 
demonstrates that even in young women myocardial infarction is most 
commonly due to coronary atherosclerotic heart disease. Other causes 
of coronary occlusion were documented in 17 percent of these patients, 
indicating that these lesser causes of myocardial infarction are more 
common in young women than in older persons or in young men. In those 
patients with coronary atherosclerosis one or more significant risk factors 
could usually, but not always, be documented. The clinical manifestation: 
of the coronary occlusion in the study group was not unlike its manifes- 
tation in groups of different ages or sex, or both. ; 


Any review of myocardial infarction in young women must acknowledge 
that the disease is relatively uncommon in this patient population.!-9 
In 1947 Underdahl and Smith* emphasized its infrequent occurrence 
in women under age 40 years; they found only seven documented in- 
stances of myocardial infarction among the 95,000 women hospitalized 
in the Mayo Clinic during the preceding 11 years. The Framingham 
study? found that overt coronary disease occurred in only 1 in 1,000 women 
aged 30 to 39 years and was manifested as myocardial infarction in only 
19 percent of these women. Similarly, a study of the female inhabitants. 
of Góteberg, Sweden revealed the annual incidence of myocardial i in- 
farction in women aged 35 to 38 years to be 0.03 per 1,000. | 
Although coronary atherosclerotic heart disease is relatively infre- 
quent in young women, it is a leading cause of death in this group. The 
“Geller tables,” 8 which are based on the 1960 and 1968 United States 
mortality experience, reveal that in black women aged 30 to 39 years 
coronary atherosclerotic heart disease is the most probable cause of death 
during the ensuing 10 years. In white women aged 35 to 39 years it ranks 
second behind malignant neoplasms of the breast as a cause of death. 
It is therefore important to define the members of this group who are 
most prone to myocardial infarction due to coronary atherosclerosis or. 
a less common cause. In addition, persons whose chances of having. 
coronary atherosclerotic heart disease are small should provide a good 
group for studying factors other than age and sex that accelerate ath- 
erosclerosis. 


Material and Methods 


All material was derived from records of Grady Memorial Hospital, Crawford 
W. Long Memorial Hospital and Emory University Hospital for the 7 years be- 
tween January 1968 and January 1975. Since this group of hospitals is composed 
of a large metropolitan hospital, a private community hospital and a university 
referral hospital, the study population was drawn from all socioeconomic con- | 
ditions. 

There were 49 women of 40 years of age or less among the 5,185 cases of 
myocardial infarction diagnosed at these three hospitals during this 7 year period. 
Twenty-four of these 49 women met the criteria we established for inclusion in 
this study, namely, a diagnosis of myocardial infarction based on the presence 
of chest pain characteristic of myocardial ischemia in association with one of 
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_ the following sets of objective data: (1) new Q waves plus 
_ typical evolutionary ST-T changes in the electrocardiogram; 
_ (2) characteristic changes in the serum lactic dehydrogenase 
or creatinine phosphokinase levels, or both, and subsequent 
_ coronary arteriograms indicative of obstructive coronary 
. disease; or (3) postmortem demonstration of severe coronary 
arterial obstruction and changes of recent myocardial in- 
- farction. Adherence to such strict criteria is not essential to 
the clinical diagnosis of myocardial infarction, but ensured 
- that each patient in the study group had had an acute myo- 
cardial infarction. 
. Sufficient information was available in each case to estab- 
lish the presence or absence of all major identifiable risk fac- 
tors except blood lipids. The only lipid studies available in five 
patients was a single serum cholesterol value. In addition, the 
exact number of years of smoking or use of oral contraceptive 
agents could not be documented in every patient. 
A patient was judged to be overweight if her body weight 
. was more than 15 percent above the ideal weight adjusted for 
height. A history of hypertension was accepted if the patient 
reported it during the admission history or if her hospital or 
clinic chart indicated a diastolic pressure greater than 100 mm 
Hg on more than one occasion. A diagnosis of diabetes mellitus 
was established by an abnormal glucose tolerance test taken 
atleast 1 month before or after the acute myocardial infarction 
or by documented fasting hyperglycemia (serum glucose level 
above 120 mg/100 ml) on multiple occasions. 


Results 


Etiology of Myocardial Infarction 


Nonatherosclerotic coronary occlusion: Four of 
the 24 patients had a coronary occlusive process other 





In two of the four (Cases 1 and 2) embolic occlusion of 
a coronary artery was demonstrated at postmortem 
examination. Patient 1 had adenocarcinoma of the 
pancreas with marantic endocarditis and patient 2 had 
rheumatic mitral valve disease. The third patient (Case 
3) had fulminant systemic lupus erythematosus; post- 
mortem examination revealed focal areas of myocardial 
necrosis and hyaline thrombotic occlusion of adjacent 
arterioles but only minimal intimal thickening of the 
coronary arteries. The fourth patient (Case 4) had a 
massive anterior myocardial infarction rapidly followed 
by circulatory failure. Postmortem examination of the 
heart revealed an extensive acute myocardial infarction 
involving the entire left ventricle and septum. The only 
coronary arterial abnormality detected was a dissection 
of the media of the left main coronary artery extending 
into the proximal left anterior descending branch. 
One additional patient (Case 5) lacked angiographic 
evidence of coronary occlusive process. Approximately 
1 year after an acute myocardial infarction, this patient 
had cardiac catheterization studies that revealed de- 
creased contractility of the apical segment of the left 
ventricle but entirely normal coronary arteriograms. 
Atherosclerotic coronary occlusion: In the re- 
maining 19 patients, the myocardial infarction was at- 
tributed to coronary atherosclerotic heart disease. In 
12 of the 19 the coronary atherosclerosis was docu- 
mented at angiographic or postmortem examination 
(Table I); in the remaining 7 it was assumed in the ab- 
sence of evidence of another occlusive process. Nine of 
the 12 patients with angiographic or postmortem studies 


than coronary atherosclerotic heart disease (Table I). 


TABLE | 
Type and Site of Obstructive Coronary Lesion in 24 Young Women 





Obstructive Coronary Site of 





Case no. Age (yr) Lesion Infarction (by ECG) Site of Obstruction 
1 38 Embolic No ECG RCAA 
2 15 Embolic No ECG LADA 
3 26 Arteritis No ECG Arteriolar occlusion? 
r 4 38 Primary dissection Anterolateral LCA, LADA 
5 36 None Anteroseptal NormalA, akinesia of apical segments 
6 24 Atherosclerosis Anterior >90% proximal LAD, >90% proximal 
4 LCx 
R 7 30 Atherosclerosis Inferior 90% mid LAD, occluded proximal 
RCA 
x 8 37 Atherosclerosis Inferior 75% proximal RCA A 
9 on Atherosclerosis? Anterior 
10 29 Atherosclerosis? Anterior >90% proximal LADA 
11 38 Atherosclerosis Inferior >90% LCx, occluded RCAA 
12 40 Atherosclerosis Inferior 50% LAD, 50% LCx, occluded RCAA 
13 38 Atherosclerosis Inferior 
14 33 Atherosclerosis? Inferior 
15 36 Atherosclerosis? Inferior 
16 33 Atherosclerosis Inferior 75% proximal LAD, occluded proximal 
É LCx, 9096 proximal RCA^ 
: 17 40 Atherosclerosis Inferior 
18 26 Atherosclerosis Anterior Occluded LAD, 90% mid-RCA ^ 
19 33 Atherosclerosis? Subendocardial 9096 proximal LAD (smooth lesion) ^ 
| 20 32 Atherosclerosis? Inferolateral <50% proximal RCA, «5096 proximal 
LAD, akinesia of inferior wall ^ 
21 36 Atherosclerosis? Inferolateral 
22 34 Atherosclerosis No ECG 9096 proximal LAD, 80% proximal 
RCA 
23 38 Atherosclerosis Inferior 
24 32 Atherosclerosis Anterior Occluded LAD, 9096 proximal RCA ^ 





? = either the appearance of the obstructive lesion or the use of oral contraceptive agents places the diagnosis of atherosclerosis in question. 
A = angiographic documentation of site obstruction; ECG = electrocardiogram; LAD = left anterior descending coronary artery; LCA = left 
main cornary artery; LCx = left circumflex coronary artery; P = postmortem documentation of site obstruction; RCA = right coronary artery. 
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of the coronary arteries had evidence of multiple vessel 
disease (Table I). The left anterior descending coronary 
artery was obstructed in eight patients, the right coro- 
nary artery in eight and the circumflex artery in only 
four. Two of the three patients with single vessel disease 
had an isolated smooth segmental narrowing of the 
proximal left anterior descending coronary artery. ‘The 
electrocardiographic site of the infarction was inferior 
in the majority of patients (12 of 19) (Table I). 


Associated Conditions 


Table II indicates the presence or absence of various 
conditions often associated with the occlusive coronary 
process. Four of the 19 patients with coronary athero- 
sclerosis had diabetes mellitus, 7 had a history of severe 
hypercholesterolemia (serum level 300 mg/100 ml or 
greater) and only 1 had a history of significant hyper- 
tension. This patient (Case 17) had had a diastolic blood 
pressure of 120 mm Hg or greater for 6 years. Four of the 
six patients (Cases 7, 9, 12 and 15) with a family history 
of early manifestation of coronary atherosclerotic heart 
disease also demonstrated one of the previously men- 
tioned risk factors. The other two patients with such a 
family history had documented type IV hyperlipopro- 
teinemia. Seven patients had a history of recent or 
prolonged use of oral contraceptive agents; all seven had 
more than one risk factor for coronary occlusive disease 
although a history of smoking was the only additional 
risk factor in two of these patients and a history of 
smoking plus a 1 year history of hypertension in a third 
patient. 


Clinical Presentation 


The pain was most frequently described as anterior 
precordial or substernal in location, and crushing or 
squeezing in character. Four patients had no pain in the 
chest but had instead pain in both arms, the left 
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MYOCARDIAL INFARCTION IN YOUNG WOMEN—MORRIS ET AL. 


shoulder and left arm or the neck and jaw. Three pa- 
tients described a sharp quality to their pain. Similar 
but less intense discomfort had been experienced by 14 
patients before their myocardial infarction, usually 
within the preceding week. Of 11 patients whose activity 
at the time of infarction was noted, 9 had been physi- 
cally inactive. 
Discussion 


Etiology of Myocardial Infarction 


Our review indicates that even in this young age group 
atherosclerosis predominates as the pathologic lesion 
in coronary artery occlusive disease. However, the 17 
percent incidence rate of other forms of coronary oc- 
clusion, suggests that the less common forms of coronary 
artery disease are relatively more frequent in this group 
than in older persons. 

Coronary embolism: Two patients had coronary 
embolism. Although our two cases occurred in associa- 
tion with either rheumatic valvulitis or marantic en- 
docarditis, previous reviews on coronary embolism have 
revealed that bacterial endocarditis is the underlying 
disease in 40 to 50 percent of the cases.?:19 In Virchow’s 
original description!! of coronary embolization the 
patient was a young woman with bacterial endocarditis 
who died of myocardial infarction. Another condition 
predisposing to coronary embolism, the presence of a 
prosthetic valve, has arisen since many of the reviews 
on coronary embolism were completed. 

Coronary vasculitis: An even less common cause of 
myocardial infarction found in our study is vasculitis. 
Coronary arteritis is usually associated with a collagen 
vascular disease, in particular, polyarteritis nodosa.!? 
Vasculitis resulting in sufficient myocardial necrosis to 
be of clinical importance is quite unusual in systemic 
lupus erythematosus.!?-16 While cardiac involvement 
is common in systemic lupus erythematosus, the most 


TABLE II 
Associated Conditions in 19 Young Women with Coronary Atherosclerotic Heart Disease 
Family Oral 
History Ti Post Contra 
Case (AMI < Hyperlipi- Hyper- Over- meno ceptive 
no. age 65) Diabetes demia tension Smoking weight pausal Use 
6 ^s + it = iS + A " 
y + + = w — — — — 
8 a 4 x ra i 4 - = 
9 + + — — — — — * (9 yr) 
10 -— -— * (c) -— + — - + (6 a 
11 — -— * (c) = — + — 
12 + — + (II) — * * + — 
13 £ = i E + " 
14 -— -= + (IV) — + — — + (1 
15 + -— * (IV) — + + — * Ad 
16 Re = + (HB) -— + = ae E: 
17 — — — + + x S ca 
18 + - * (IV) — + — = 5 
19 + — * (IV) = $ = = + (3 yr) 
20 e * ie > Hf DE ie + (8 yr) 
21 = A a à + ch D $ 
22 » ia e d + M t. x 
23 + E * (HA) k + x 5 s 
24 E > + (1) - — + — — 


+ = present; — = absent; AMI = acute myocardial infarction; c = cholesterol greater than 300 mg/100 ml; II, IIA, IIB and IV refer to lipo- 


protein pattern. 
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FIGURE 1. UM 4. Cross-sectional view of the left ER coronary ar- 
tery. Note the dissection within the media of the vessel wall (area A) 
and narrowing of the vessel lumen by protrusion of the intima and the 
inner two thirds of the media into the lumen. This bulging of the intima 
and media is caused by an expanding hematoma evident only in the 
upper portion of the dissection in this photomicrograph (area B). 


common site of involvement is the pericardium and 
second the endocardium. 

Dissecting aneurysm of coronary arteries: This 
cause of myocardial infarction occurs primarily in young 
women.!7-?? There was one case in our series. This 
condition is characterized by the presence of a hema- 
toma within the media of these small caliber vessels 
resulting in luminal obstruction (Fig. 1). A review of the 
43 previously reported cases revealed that 32 of the 


. patients were women, including 19 less than 40 years of 


age; 12 of these patients were in the peripartal period. 
Although our patient was not peripartal, she had been 
receiving large doses of estrogen by pellet implantation. 
In 37 of the 43 previously reported cases, the dissection 
involved a single coronary artery. The left anterior de- 
scending artery was the site of dissection in 30 of these 
37 cases. Twenty-seven patients died suddenly, whereas 
the other patients survived several hours to 2 


- weeks.?? 


Associated Conditions Predisposing to Premature 
Atherosclerosis 


Risk factors: Just as the uncommon causes of myo- 
cardial infarction are usually associated with the pres- 
ence of a predisposing state, certain conditions have 
been incriminated as contributors to the development 
of premature coronary atherosclerosis. Several stud- 


ies^?1-26 have suggested that myocardial infarction is - 


infrequent in young women who do not have a strongly 
positive family history, diabetes, hypertension, hyper- 
lipidemia or obesity or are not in the postmenopausal 
state. Other investigators have noted that compared 
with women in the general population, women with 
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TABLE Ill 


Reports of Myocardial Infarction Occurring in 


Women Using Oral Contraceptive Agents* 


Site of 
Patient's Duration Obstructive 
Report Age (yr) of Use Lesion 
EE ROGA EIS E OFT: Dac adluit Sek EDO NIE ORE. Ee 
Maleki and Lange*® 29 11 mo LAD 
38 3 yr LAD 
Naysmith*? 33 3 yr Not 
d. documented 
Hartveit 32 5 mo Small vessels 
Scharf et al. ^? 39 6 mo Not 
documented 
Dear and Jones** 27 4 yr LAD 
37 1 yr LAD 
Wardekar et al.^5 29 15 mo LAD 
Waxler et al.*° 27 Z LAD 
35 ES 3 LAD 
re 29 ru. LCx 
Weiss 32 1 yr AS-MI 
28 1 yr LAD 





a The patients included in the studies by Oliver*^* and Radford and 
Oliver" are not included because the site of the lesion was not 
documented. Eleven of their 16 patients had an anterior infarct and 
the average duration of use of oral contraceptive agents was 3.5 
years. 

AS-MI = anteroseptal myocardial infarction (no anatomic or 
arteriographic data given for this patient); LAD = left anterior 
descending coronary artery; LCx - left circumflex coronary artery. 


myocardial infarction are more likely to smoke,927 tend 
to have more pregnancies,9?8 more often have person- 
ality traits such as aggression and neurotic self-asser- 
tiveness? and are more likely to be physically inac- 
tive.6?9 In addition, various prospective epidemiologic 
studies??-?? have associated obesity, diabetes, hyper- 
cholesterolemia and smoking with the development of 
coronary atherosclerosis. In recent years several angi- 
ographic studies have evaluated coronary risk factors 
in young women. Heinle et al.?4 found either an abnor- 
mal lipoprotein pattern or an abnormal glucose toler- 
ance test in 96 percent of their female patients under age 
50 years with angiographic evidence of coronary ob- 
structive disease. In their coronary angiographic study, 
Salel et al.?? reported that no woman under age 50 years 
had coronary disease in the absence of hyperlipopro- 
teinemia, abnormal glucose tolerance or hyperten- 
sion. 

Lipid abnormality: Eleven of our 19 patients with 
coronary atherosclerosis had a documented lipid ab- 
normality. Eight of these patients had severe hyper- 
cholesterolemia (greater than 300 mg/100 ml), including 
one whose cholesterol was elevated as a feature of the 
nephrotic syndrome. Four of the eight patients without 
a lipid abnormality had diabetes mellitus; in two of the 
four the diabetes became apparent very early (before 
age 6 years). 

Our study does not resolve the question of whether 
surgical castration results in precocious atherosclero- 
sis,°®37 since our patients with a history of castration 
had severe hypercholesterolemia. Perhaps the castra- 
tion contributes to the lipid abnormality, as suggested 
by Oliver and Boyd.*® 

Hypertension: Only one of our patients had signifi- 
cant hypertension. Our inability to establish a close 
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correlation between the presence of hypertension and 
the development of coronary atherosclerotic heart 
disease is substantiated by the studies of Heinle et al.*4 
and Salel et al.2° Similarly, the Tecumseh study?? found 
no increased incidence of hypertension in women with 
ischemic heart disease until after age 60. 

Oral contraceptive agents: Seven of the patients 
in this study were using oral contraceptive agents at the 
time of, or shortly before, their myocardial infarction. 
In recent years there have been reported an increasing 
number of cases of young women who had acute myo- 
cardial infarction while using these agents.*?-47 Table 
III lists the reported cases in which the site of the oc- 
clusive lesion was identified. With a single exception, 
the occlusive coronary lesion has been a discrete seg- 
mental occlusion of a branch of the left coronary artery 
associated with otherwise normal vessels. In our study 
the two patients using oral contraceptive agents eval- 
uated by angiography had a similar smooth-walled 
segmental obstruction of the anterior descending 
branch of the left coronary artery (Fig. 2). Although an 
isolated coronary obstructive lesion can occur in pa- 
tients not taking oral contraceptive agents and the data 
are not conclusive evidence linking these agents to 
myocardial infarction, like previous investigators, we 
are intrigued by this finding. It is also interesting in this 
regard that the only patient in our series who experi- 
enced a systemic embolus was taking an oral contra- 
ceptive agent. 

All of our patients using oral contraceptive agents had 
an additional risk factor for coronary arterial obstruc- 
tive disease. This observation was also made in three 
other studies? concluding oral contraceptive use was 
more frequent in women experiencing myocardial in- 
farction than in age-matched control groups. However, 
one other study?! concluded that oral contraceptive 


. agents exerted an effect independent of other risk fac- 


tors. Prolonged use of oral contraceptive agents appears 
from all these studies to heighten the risk of myocardial 
infarction. 

Myocardial infarction and normal coronary an- 
giogram: Finally, we must explore the enigma that 
exists in Patient 5, who had irrefutable objective evi- 
dence of myocardial infarction and a normal coronary 
angiogram. This particular problem first came to 
medical attention in the United States in 1910 with 
William Osler's description?? of a young man who had 
recurrent angina pectoris for several years, but on 
postmortem examination had normal coronary arteries. 
In spite of the confusion caused by the tendency of some 
angiographers to place any patient with chest pain and 
normal coronary arteriograms into this category, there 
is clearly a group of patients who have normal coronary 
arteriograms and yet have objective evidence of myo- 
cardial ischemia.93-57 A few of these patients have died 
and on postmortem examination had evidence of sub- 
endocardial infarction in spite of normal coronary ar- 
teries and arterioles.?* This paradoxic condition is most 
common in young women.5?5456 Moreover, in most of 
the patients, as in our patient, there has been no strong 
correlation with either abnormal serum lipoprotein 
patterns or glucose intolerance. 
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FIGURE 2. Case 19. Left anterior oblique view of the selective left — 


coronary arteriograms. The arrow points to a long smooth segmental 
obstruction of the proximal portion of the left anterior descending artery 
as the only site of arterial obstruction in this patient. 


Clinical Presentation 


Our study indicates that the clinical presentation of | 
myocardial infarction in this group of patients is not - 
unlike that in other groups. The pain in these young 


women usually fits the classic description of pain asso- 
ciated with myocardial infarction. A previous review? 
has likewise emphasized the typical character of the 


pain associated with myocardial infarction in young - 


adults. Fourteen of our 19 patients with atherosclerotic 
coronary occlusion had previously experienced chest 
pain similar to that associated with their myocardial 
infarction. The pain preceding the infarction had usu- 
ally occurred during exertion, whereas the pain associ- 
ated with the infarction commonly developed at rest. 





A frequent pattern in our patients appeared to be the ~ 


development of exertional chest pain several hours to 
days before their infarction, with only three instances 
of a history of chest pain exceeding 1 month. 


Conclusion 


Our results indicate that the predominant occlusive 
process in young women (age 40 years and under) ex- 
periencing myocardial infarction is coronary athero- 


sclerosis. However, the 17 percent incidence rate of the — 


less common causes of coronary occlusion suggests that 
such causes are relatively more common in this age 
group than in others. Our findings indicate that most 
young women with overt coronary atherosclerotic heart 
disease have a detectable coronary risk factor but that 


myocardial infarction can occur in a young woman who - 


has no major risk factor. Finally, myocardial ischemia 


in this segment of our population appears to manifest 


itself in a manner similar to that seen in the popniation 
as a whole. 
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A review of data in 465 patients with complete obstruction of either — 
the left anterior descending or right coronary artery was undertaken to | 


evaluate the functional role of the collateral circulation. Complete ob- 
struction of a dominant right coronary artery was observed in 288 patients, 
83 percent with distal filling and visualization of the posterior descending 
artery by way of collateral vessels. Complete obstruction of the left an- 


terior descending artery was noted in 177 patients, 71 percent with filling — 


and visualization distal to the obstruction by way of collateral vessels. 
Among patients with obstruction of the left anterior descending artery, 


there was a significantly greater frequency of congestive heart failure and - 


cardiomegaly in those without collateral vessels than in those with col- 
lateral vessels. The former also had a significantly greater frequency of 
both electrocardiographic evidence of an anterior wall myocardial in- 
farction and angiographic findings of anterior wall asynergy. The frequency 
of inferior myocardial infarction and inferior wall asynergy was not in- 
fluenced by the presence of collateral vessels. These observations indi- 


cate that the collateral circulation plays a significant protective role in © 


the presence of obstruction of the left anterior descending artery, which 
is not apparent with obstruction of the right coronary artery. 


The functional significance of the coronary collateral circulation has been 
evaluated by many investigators.!-!? Intercoronary anastomoses are 
present in all normal human hearts but are not angiographically de- 
monstrable except in the presence of coronary artery disease.’ Coronary 
collateral vessels are commonly present in coronary artery disease and 
are related to the extent and severity of the vascular disease. 1:389 In spite 
of the ubiquitous nature of the collateral circulation in severe coronary 
artery disease, most investigators have failed to prove any beneficial 
effect from these vessels.!-*14-16 However, several reports do suggest 
that collateral vessels may have a protective role against myocardial 
dysfunction!9.11.17-1? and may be accompanied by longer survival.!?.13 
We recently reviewed our experience in a large group of patients with 
complete obstruction of either the left anterior descending or right 
coronary artery to determine whether the presence or absence of col- 
lateral vessels to these arteries has a protective role. The resting elec- 
trocardiogram and the contractile pattern of the left ventricle were 
utilized to evaluate the role of coronary collateral vessels in these pa- 
tients. 


Methods 


A review of the experience at this institution revealed 465 patients with 
complete obstruction of either a dominant right coronary artery or the left an- 
terior descending artery. All patients were referred because of symptomatic 
coronary artery disease. Routine history and physical examination were per- 
formed in each patient. Radiologic interpretation was performed by a radiologist 
to define the presence or absence of cardiomegaly. A 12 lead standard electro- 
cardiogram was obtained in all patients. The electrocardiographic diagnosis of 
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inferior or anterior myocardial infarction was based on ac- 
cepted criteria.?? In the coding of various patterns of infarc- 
tion, no distinction was made between anteroseptal, anterior 
and anterolateral myocardial infarction; all three types were 
combined under the heading of anterior myocardial infarction. 
Not included in this study were patients with left bundle 
branch block since this finding might obscure the electro- 
cardiographic evidence of either inferior or anterior myocar- 
dial infarction. 

Selective coronary arteriography was performed in mul- 
tiple projections using either the Judkins or the Sones method. 
Complete obstruction of a dominant right coronary artery was 
observed in 288 patients. A dominant right coronary artery 


TABLE I 





was presumed in the presence of complete proximal ob- 
struction of the right coronary artery when the left coronary 
artery did not give rise to the posterior descending artery or 
if collateral vessels filled a posterior descending artery that 
was not an extension of the circumflex artery. Complete ob- 
struction of the proximal left anterior descending coronary 
artery was observed in 177 patients. These 465 patients with 
complete proximal obstruction of the left anterior descending 
or right coronary artery form the basis of this report. Not in- 
cluded were the unusual instances of complete obstruction of 
both of these arteries or cases of significant main left coronary 
artery disease. Criteria for the presence of significant coronary 
collateral vessels, either intra- or intercoronary anastomosis, 


Clinical Profile in Relation to the Presence or Absence of Collateral Vessels 





Obstruction of 
Right Coronary Artery 


Obstruction of 
Left Anterior Descending Artery 





Without With Without With 
Collaterals Collaterals Collaterals Collaterals 
Cases (no.) 44 244 52 125 
Age (yr) (mean + 1 SD) 51+8 52+ 13 S2.2°7 50:9 
Duration of symptoms (yr) 3.6 + 2.9 4.0+ 4.1 3.6 + 3.7 3.9 + 3.8 
(mean + 1 SD) 
Hypertension 13 (30) 84 (35) 14 (27) 36 (29) 
Myocardial infarction 31 (70) 130 (54) 48 (92)* 51 (41)* 
(by history) 
Congestive heart failure 5 (11) 16 (7) 11 (21)T 9 (7)T 
Diabetes mellitus 6 (14) 26 (11) 5 (10) 11 (9) 
Cholesterol (2300 mg/100 ml) 3 (7) 24 (10) 6 (12) 10 (8) 
Triglyceride (72160 mg/100 ml) 15 (34) 70 (29) 18 (35) 38 (30) 
Cardiomegaly 16 (36) 50 (21) 24 (46)* 20 (16)* 


Numbers in parentheses indicate percent of total number. 
* P <0.005 (patients with and without collateral vessels). 
t P «0.01 (patients with and without collateral vessels). 
SD = standard deviation. 


TABLE II 


Collateral Circulation in Relation to Electrocardiographic Evidence of Anterior and Inferior Transmural Myocardial Infarction 
and Abnormal Left Ventricular Contractile Pattern of Anterior and Inferior Walls 


Cases 


(no.) 


A. Inferior Wall 


Obstructed right coronary artery 

With collaterals to this artery 240 
Single vessel disease 
Double vessel disease 
Triple vessel disease 

Without collaterals to this artery 44 
Single vessel disease 
Double vessel disease 
Triple vessel disease 


B. Anterior Wall 


Obstructed left anterior descending coronary artery 

With collaterals to this artery 125 
Single vessel disease 
Double vessel disease 
Triple vessel disease 

Without collaterals to this artery 52 
Single vessel disease 
Double vessel disease 
Triple vessel disease 


Numbers in brackets represent percent of total number. 
ECG = electrocardiographic. 
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39 
48 
38 


12 
24 
16 
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ECG Evidence 
of Infarction 
(no. [%]) 


127 [53] 


29 [66] 


42 [34] 


44 [85] 


*& ASL 


17 [59] 
38 [49] 
72 [54] 


8 [100] 
8 [57] 
13 [59] 


11 [28] 
19 [40] 
12 [32] 


11 [92] 
20 [83] 
13 [81] 


Abnormal 
Contractile Pattern 
(no. [96]) 

160 [67] 
17 [59] 
49 [63] 
95 [71] 
36 [82] 
6 [75] 
12 [86] 
18 [82] 
83 [66] 
22 [56] 
38 [79] 
23 [61] 
48 [92] 
11 [92] 
24 [100] 
13 [81] 
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EKG Infarction: Inferior Infarction Anterior Infarction 


Pattern Of Obstructed 
Coronary Artery: Right LAD 


FIGURE 1. Frequency distribution of an electrocardiographic (EKG) 
pattern of infarction for a completely obstructed right coronary artery 
(left) and a completely obstructed left anterior descending artery (LAD) 
(right). The frequency of an inferior myocardial infarction is not in- 
fluenced by the presence (white bar) or absence (black bar) of col- 
lateral vessels, whereas the frequency of an anterior infarction is sig- 
nificantly greater in patients without than in those with collateral vessels 
(pair of bar graphs at right). N.S. = not significant; p = probability. 


required visualization of the posterior descending artery in 
the presence of complete proximal right coronary arterial 
obstruction or visualization of the left anterior descending 
artery in the presence of complete proximal obstruction of this 
vessel. These criteria are somewhat different from those of 
others?414!6 since we required visualization of the major 
trunk of the occluded vessel. Others have accepted subtotal 
obstruction of vessels and visualization of accessory blood 
vessels subserving an area of myocardium distal to the oc- 
cluded vessel. Significant coronary artery disease was defined 
as narrowing of a coronary artery by more than 50 percent of 
the wall lumen. 

Left ventricular angiograms were performed in the right 
anterior oblique projection and analyzed for localized or dif- 
fuse abnormalities of contraction involving the anterior or 
inferior wall by methods previously described.” These 
methods include qualitative evaluation for determining lo- 
calized contractile abnormalities as well as quantitative 
evaluation of the transverse hemiaxis and the long axis. De- 
termination of the anterior transverse hemiaxis and long axis 
were utilized to evaluate the anteroapical wall, whereas the 
inferior transverse hemiaxis was utilized to evaluate the in- 
ferior wall. An abnormal segmental contractile pattern re- 
quired qualitative or quantitative evidence of segmental 
contractile dysfunction. Anterior or inferior asynergy was 
considered present if the respective mid-hemiaxis revealed 
less than 30 percent shortening. Using these criteria, we noted 
agreement between the qualitative interpretation and quan- 
titative findings in the majority of patients. However, in al- 
most 20 percent we interpreted the left ventricular angiogram 
as demonstrating qualitatively localized contractile abnor- 
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FIGURE 2. Frequency distribution of the contractile pattern of the in- 
ferior wall (left) and the anterior wall (right) depending on the presence 
or absence of collateral vessels to the right coronary artery and left 
anterior descending coronary artery (LAD), respectively. The frequency 
of a normal contractile pattern (white bar) or an abnormal pattern 
(black bar) of the inferior wall is not influenced (N.S. = not significant) 
by the presence or absence of collateral vessels to an obstructed right 
coronary artery. The frequency of a normal contractile pattern (white 
bar) of the anterior wall is significantly greater in the presence of col- 
lateral vessels to the left anterior descending artery. 


malities although the criteria for asynergy were not met by the 
quantitative method. In such instances the patient was still 
considered to have localized contractile abnormalities. 
Elimination of such cases had no effect on the final results. 

Statistical significance of the data comparing patients with 
and without collateral vessels was analyzed using chi square 
analysis. 


Results 


Right coronary arterial obstruction: Among 288 
patients with complete obstruction of the right coronary 
artery, collateral vessels to the distal portion of this 
vessel were observed in 244 (87 percent). There were no 
significant differences in age, duration of symptoms or 
frequency of hypertension, diabetes mellitus or ab- 
normal serum cholesterol or triglyceride levels in pa- 
tients with and without collateral vessels. The frequency 
of a history of myocardial infarction, congestive heart 
failure or cardiomegaly was not significantly influenced 
by the presence or absence of collateral vessels (Table 
I). 

The influence of collateral vessels on the prevalence 
of electrocardiographic evidence of a transmural myo- 
cardial infarction is given in Table II. In the presence 
of an obstructed right coronary artery, inferior myo- 
cardial infarction was observed in 53 percent of the 
patients with collateral vessels, a frequency not signif- 
icantly different from that in patients without collateral 
vessels (Fig. 1). The frequency of single, double and 
triple vessel disease was essentially similar in patients 
with and without collateral vessels. All patients with 
isolated obstruction of the right coronary artery without 
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collateral vessels had electrocardiographic evidence of 
an inferior myocardial infarction as contrasted to 59 
percent of those with collateral vessels (P <0.05). 
However, in patients with double or triple vessel disease 
and an obstructed right coronary artery, the frequency 
of electrocardiographic evidence of a transmural inferior 
myocardial infarction was not influenced by the pres- 
ence of collateral vessels (Table II). The presence of 
collateral vessels to an obstructed right coronary artery 
did not significantly influence the contractile pattern 
of the inferior wall of the left ventricle (Fig. 2). Evalu- 
ation of the data on the basis of the number of vessels 
involved with significant disease revealed no influence 
of collateral vessels on the left ventricular contractile 
pattern (Table II). | 
Left anterior descending arterial obstruction: In 

the 177 patients with complete obstruction of the left 
anterior descending artery, collateral vessels distal to 
the obstruction were observed in 125 (71 percent). There 
were no significant differences in age, duration of 
symptoms or frequency of hypertension, diabetes 
mellitus or abnormal blood lipid levels. The frequency 
of a prior myocardial infarction (P «0.005), congestive 
heart failure (P «0.01) and cardiomegaly (P «0.005) 
was significantly greater in patients without collateral 
vessels (Table I). 

~The frequency of electrocardiographic evidence of an 
anterior myocardial infarction was significantly (P 
<0.005) greater in the patients without than in those 
with collateral vessels (Fig. 1). The frequency of single, 
double and triple vessel disease was essentially similar 
in the patients with and without collateral vessels. The 
frequency of an anterior myocardial infarction in the 
patients with an obstructed left anterior descending 
artery was independent of the number of vessels in- 
volved with significant coronary artery disease and was 
influenced only by the presence or absence of collateral 
vessels (Table II). The frequency of an abnormal con- 
tractile pattern of the anterior wall of the left ventricle 
was significantly (P «0.005) greater in the absence of 
collateral vessels (Table II). This greater frequency was 
not altered by taking into account the number of véssels 
involved with significant coronary artery disease. 


Discussion 


'The review of our case material was stimulated by 
observations made in two patients with complete ob- 
struction of the main left coronary artery. In both cases 
the eléctrocardiogram failed to demonstrate any evi- 
dence of a prior myocardial infarction, and the left 
ventricular angiogram revealed only minimal impaired 
movement of the anterior wall in one patient and a 
normal contractile pattern in the other. In both cases, 
selective angiographic study revealed a normal right 
coronary artery giving rise to extensive collateral vessels 
with opacification of both the left anterior descending 
and circumflex coronary arteries. Thus, in these two 
patients, the collateral circulation appeared to have 
some protective function, although stress testing in both 
revealed ischemic S- T segment depression of more than 
2 mm. This finding indicates, as suggested by Blumgart 
et al.,22 that collateral vessels are able to maintain 





resting requirements of the heart but not the demands 
of increased work load. Thus, the failure of others!- 
4,9,15,23,24 to observe any effect of collateral vessels on 
physical work capacity or response to exercise stress 
testing would not negate the protective function of 
collateral vessels. These observations indicate only, as 
observed in the dog by Kattus and Gregg,?? that col- 
lateral vessels are unable to meet the increased myo- 
cardial oxygen needs that physical activity demands. 

One difficulty in evaluating the functional signifi- 
cance of the collateral circulation is that the angio- 
graphic methods now utilized do not give quantitative 
information about the blood flow in these vessels. 
Quantitative estimation of the number and size of col- 
lateral vessels!4^!* is subjective and does not necessarily 
reflect their function. Furthermore, the resolving power 
of angiographic equipment limits identification to 
vessels of 100 u or more in diameter.’ In our study, we 
required for identification of significant collateral ves- 
sels visualization of the major trunk distal to the ob- 
struction. In the case of the right coronary artery, we 
required opacification of the distal portion, including 
the posterior descending artery. For the left anterior. 
descending coronary artery, we required visualization 
of this artery distal to the obstruction. This may in part 
explain the difference in our results from those in prior 
reports.22?:414 Some investigators?* included patients 
in their study if accessory blood vessels were visualized 
in areas of the myocardium distal to the occluded vessel. 
Such a situation is not comparable with visualization 
of the native coronary blood vessel distal to the ob- 
structed area. Furthermore, to evaluate comparable 
lesions, we included only patients with complete ob- 
struction of a main coronary artery, either the right or 
left anterior descending artery, whereas others!- 
3,14,16,17,23 have included patients with subtotal ob- 
struction of these vessels. Thus, in our study, we com- 
pared patients with similar lesions who differed only in 
the presence or absence of collateral vessels supplying 
the major distal trunks. 

Role of collateral vessels in anterior versus in- 
ferior infarction: Prior studies??? have demonstrated 
a good correlation between abnormal Q waves in the 
electrocardiogram indicative of a transmural myocardial 
infarction and localized abnormalities of the left ven- 
tricular contractile pattern. These studies have also 
revealed a good relation between localization of the in- 
farction as defined by the electrocardiogram and the 
coronary anatomy as defined by selective coronary ar- 
teriography. Thus, anterior myocardial infarction has 
been associated with both significant disease of the left 
anterior descending artery and anterior wall asynergy 
of the left ventricle, whereas electrocardiographic evi- 
dence of inferior myocardial infarction is correlated with 
significant disease of the right coronary artery and in- 
ferior wall asynergy of the left ventricle. On the basis of 
these previous observations we examined the role of the 
coronary collateral circulation in our select group of 
patients demonstrating complete obstruction of either 
the left anterior descending or right coronary artery. A 
comparison was made in each group of patients to 
evaluate whether the frequency of transmural infarction 


308 September 1976 The American Journal of CARDIOLOGY Volume 38 


RIEL ee Pe Tar LET SA Es a a 
1 | 4 v LA JU f me , J 
v $ 


and abnormal left ventricular contractile pattern was 
different in patients with and without collateral chan- 
nels to the obstructed artery. 

Our results (Table II, Fig. 1) indicate that the col- 
lateral circulation has a protective role against anterior 
myocardial infarction in a significant number of pa- 
tients with a totally obstructed left anterior descending 
coronary artery. This apparent protective effect was 
further established by evaluating the left ventricular 
contractile pattern (Table II, Fig. 2) in this group. 
Complete obstruction of the left anterior descending 
artery was associated with a normal anterior wall con- 
tractile pattern in only 8 percent of patients without 
collateral channels as contrasted to 34 percent of pa- 
tients with collateral channels. These findings may 
explain the increased frequency of congestive heart 
failure and cardiomegaly (Table I) in patients without 
collateral channels to this artery.?8 Taking into con- 
sideration the number of vessels involved with signifi- 
cant disease in no way altered the apparent beneficial 
effect of collateral vessels in both the electrocardio- 
graphic and left ventricular contractile patterns in these 
patients. In contrast, patients with obstruction of the 
right coronary artery demonstrated no beneficial effect 
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from collateral circulation, as evidenced in either the 


Aw) 


electrocardiogram (Table II, Fig. 1) or left ventricular 
angiogram (Table II, Fig. 2), unless their disease was — 


limited to the right coronary artery alone. The lack of 
a protective role of collateral vessels in the group with 


an obstructed right coronary artery in the angiographic 


study may in part be due to methodology, since the 


single plane angiographic technique does not permit 


appreciation of the posterolateral wall of the left ven- 
tricle. Furthermore, involvement of the contralateral 


coronary artery may limit collateral flow through in- 


tercoronary anastomosis. This possibility is suggested 


by the findings in the patients with isolated obstruction. 


of the right coronary artery whose intercoronary col- 
lateral flow was not impaired by disease of the donor 
vessel. Among patients with isolated obstruction of the 


right coronary artery all of those without collateral 


vessels had evidence of an inferior myocardial infarction 
compared with only 59 percent of those with collateral 
vessels. 
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Glucose-insulin-potassium infusions were given to dogs for 6 hours, 
starting 30 minutes after ligation of the left anterior descending coronary 
artery. Effects on substrate arteriovenous differences, indexes of ischemic 
damage and other tissue metabolic changes were compared with changes 
in dogs with comparable ligations but no infusions. Glucose-insulin-po- 
tassium increased the arteriovenous difference of glucose, decreased 
that of free fatty acid and decreased the arterial free fatty acid/albumin 
molar ratio. Glucose-insulin-potassium accelerated the rate of fall of the 
epicardial S-T segment in the infarct zone and prevented the small rise 
in S-T segment found in the periinfarct and nonischemic zones. Glu- 
cose-insulin-potassium increased the tissue content of glycogen in pe- 
ripheral infarct, periinfarct and nonischemic zones; increased tissue po- 
tassium ion/sodium ion ratios in epicardial infarct zones and in the peri- 
infarct zone; increased adenosine triphosphate in the endocardial infarct 
zone; decreased inorganic phosphate in the periinfarct and nonischemic 
zones and in the endocardial infarct zone; and increased lactate in the 
central infarct and nonischemic zones. The phosphate potential increased 
in the periinfarct and nonischemic zones. Thus, many glucose-insulin- 
potassium effects were greater in the peripheral infarct and especially 
the periinfarct zones. Although increased anaerobic metabolism with 
lactate production could not be excluded as a mode of action of glu- 
cose-insulin-potassium, estimated rates of anaerobic glycolysis were very 
low, suggesting that other effects such as increased aerobic glycolysis 
decreased extraction of free fatty acid by the heart, increased tissue 
glycogen or a “membrane” effect might be of major importance. 


Theoretical arguments have been advanced to suggest that increased 
rates of glucose metabolism and glycolysis could help promote survival 
of the oxygen-limited myocardium. ? There is strong support for this 
hypothesis in both rat?^^ and dog hearts? provided that anoxia is ac- 
companied by maintenance of coronary flow rate. But in severe ischemia 
the accumulation of the eventual end products of anaerobic glycolysis, 
lactate and hydrogen ion, appears to limit the increase in the rate of 
glycolytic flux both in rat? and in dog hearts? and the arguments for the 
use of glucose-insulin-potassium might seem less strong. Nevertheless, 
studies from this laboratory? have shown that infusions of glucose-in- 
sulin-potassium were able to increase cardiac glycogen and tissue po- 
tassium ion/sodium ion ratios in the baboon heart within the 1st hour 
of myocardial infarction. 'T'wo questions were posed by those studies. 
First, could the effect of glucose-insulin-potassium be related to altered 
myocardial extraction of glucose? or of free fatty acids?? Second, would 
these early metabolic changes be reflected in evidence of lessened tissue 
necrosis if glucose-insulin-potassium infusions were given for longer 
periods? Early pathologic signs of myocardial infarction 6 hours after 
coronary ligation can be correlated with the degree of depletion of gly- 
cogen or decrease in the K */Na* ratio.!? Epicardial S-T segment ele- 
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vation is another index of necrosis that may have clinical 
application in the form of precordial mapping,!-? but 
the development of frequent ectopic beats more than 
6 to 8 hours after ligation in the dog makes it difficult 
to follow electrocardiographic changes. 

In the present study a glucose-insulin-potassium 
solution was infused for 6 hours, starting 30 minutes 
after ligation, with the aim of testing effects on myo- 
cardial substrate metabolism, tissue glycogen, K*/Na* 
ratio and epicardial S- T segment elevation. Effects on 
myocardial substrate metabolism were monitored by 
measurements of arteriovenous differences of glucose, 
free fatty acid, lactate and oxygen across the whole 
heart. 

The data suggest that glucose-insulin-potassium acts 
beneficially on indexes of necrosis in this model in part 
by increasing glucose and decreasing free fatty acid 
extraction by the heart, and that measurements of ar- 
teriovenous differences and precordial S-T segment 
changes could help to evaluate the effects of a glucose- 
insulin-potassium solution in clinical situations. 


Methods 


Animals: Thirty mongrel dogs of either sex, weighing 15 to 
31 kg, were anesthetized by a single intravenous injection of 
sodium pentobarbital (30 mg/kg) body weight, intubated and 
respired at 12.5 ml/kg and 24 respirations/min with room air 
by a Harvard respirator. Anesthesia was maintained with use 
of intermittently administered phenobarbitone. The preli- 
gation arterial pH was 7.33 + 0.01; arterial partial pressure of 
oxygen was 86 + 3 mm Hg, and of carbon dioxide was 28 + 3 
mm Hg (mean values + standard error of the mean, no. = 18 
for each). 

Operative procedure: After cannulation of the femoral 
artery and vein and attachment of limb leads for electrocar- 
diographic recording, the chest was opened by a lateral tho- 
racotomy, the heart suspended in a pericardial cradle and a 
coronary sinus catheter inserted from a leg vein. The left an- 
terior descending coronary artery was ligated just above the 
junction of the terminal and apical branches, thereby pro- 
ducing a standard infarction.!? If a large branch of the pos- 
terior interventricular artery supplied the zone of the expected 
apical infarction, it was also ligated (Fig. 1). Approximately 
1 1/2 hours after ligation the chest was closed in layers with 
an indwelling drainage tube and the dog was allowed to 
breathe on its own. 

Electrocardiographic procedures: Limb leads were re- 
corded by a two-channel Corbin-Farnsworth machine. Pre- 
cordial leads were taken with a hand-held wire electrode, re- 
corded on the V channel of the recorder; patterns of S-T 
change were similar to those obtained with a wick electrode.'4 
Epicardial recordings were randomly taken from numerous 
sites situated throughout the ischemic zone and adjacent 
tissue on the anterior exposed surface of the heart. While one 
person placed the epicardial electrode, another read off the 
degree of S-T change from the recording paper, and the values 
were noted on a hand-drawn map of the heart (Fig. 2). Re- 
cordings were made (1) before ligation, to eliminate hearts 
damaged by the dissection procedure; (2) 15 to 30 minutes 
after ligation (Fig. 2A), and (3) 6 hours after ligation (Fig. 
2B). 

Infusions: In eight dogs, 30 minutes after ligation, an 
infusion of glucose-insulin-potassium solution (50 percent 
dextrose, 50 units of insulin, 50 mEg/liter of potassium) into 
the femotal vein was given at the rate of 0.1 ml/kg per min 
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until the time of biopsy of the heart. Seven dogs were given - 


no infusion of any kind. 
Control dogs: In eight dogs, the heart was suspended in a 


pericardial cradle but the coronary artery was not dissected _ 





and biopsies were performed approximately at the time that — 
arterial ligation would have been done (0 time control). In 


another seven dogs, the artery was also not dissected but the 
chest closed and the experiment continued as for ligated dogs 
not given glucose-insulin-potassium (6 hour control). 


Biochemical analyses: Arterial and coronary sinus blood 
gases, sodium and potassium were monitored every 30 to 60 
minutes by the Astrup technique and with an IL flame pho- _ 
tometer. Samples for blood glucose (usually in triplicate), free 


fatty acids and lactate were also taken at the same time in- 
tervals. Analytic details are given elsewhere.? Arterial plasma 
proteins, albumin and urea were measured with an automated 
12 channel Technicon procedure. Procedures for calculating 
the arterial oxygen content and oxidation extraction ratio were 
as before.!? 

Biopsies: Six hours after ligation the chest was reopened. 
After the epicardial electrocardiogram had been recorded, 5. 
drill biopsy specimens were taken (6 1/2 hours after ligation) 
in rapid succession for analysis of high energy phosphate 


compounds and for lactate. The dental drill technique of Pool - 


et al.16 was modified to give a core of tissue 3 mm in diameter 
that was immediately expelled by positive pressure into liquid 


nitrogen (freon was initially used but similar values were ob- _ 


tained with liquid nitrogen). 


The heart was then excised by aortic transection, arrested | 3, 
in ice-cold 0.25 M sucrose, and further biopsy specimens were 


taken for glycogen, K*/Na* and histologic studies. Samples 





FIGURE 1. Biopsy sites in relation to map of anterior surface of heart. 
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Arteries (solid black) and veins (white) are shown in relation to sites | 


of ligation, the early visible edge of the infarction, and biopsy sites 6 
1/2 hours after ligation. Glycogen sites are cross-hatched, K*/Na* 
sites indicated by numbers and high energy phosphate sites stippled. 
In this dog, the left anterior descending coronary artery was relatively 
small, and the terminal branch of the posterior interventricular artery 
had also been ligated (lower arrow) to produce a standard apical in- 


farct.'? Biopsy specimens were taken from the anatomic inner infarct _ 


zone 1, the peripheral infarct zone 2, the periinfarct zone 3 and the 


nonischemic zone 4. For further description of these zones, see 


text. 
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- for glycogen were frozen in liquid No, but those for K */Na* 


ratios were ejected directly into the extraction medium. 
Samples for histologic studies, taken with a drill 1 mm in di- 
ameter, were ejected into 5 percent buffered formaldehyde. 
Four to five biopsy specimens were usually taken from the area 
of infarction for each variable analyzed, two from the center 
zone and two or three from the periphery. Three samples were 
taken from the apparently normal bordering tissue and a 
further four from tissue far away from the infarction (Fig. 1). 
Thus about 12 biopsy specimens were taken from each heart 
for each variable, making a total of 24 biochemical biopsy 
specimens plus 5 histologic biopsy specimens taken after 
cardiac arrest, in addition to the 5 biochemical biopsy speci- 
mens previously taken from the beating heart for analysis of 
high energy phosphate compounds (Fig. 3). 

Delineation of infarcting tissue: A dark blue area formed 
in the territory bounded by the terminal and apical branches 
of the left anterior descending artery and extending to just 
beyond the apical branch (viewing the heart from the apex). 
This initial visible edge (Fig. 1) was not defined clearly when 
the chest was reopened and was, therfore, the “early” visible 
edge, which corresponded fairly well with the early electro- 


cardiographic edge. The latter was delineated by multiple 


epicardial recordings and by epicardial “sweeps,” where S-T 





EPICARDIAL ECG 
20 min post-ligation 
DOG 99 No infusion 


values in millivolts 
O=iso-electric 











elevation over the dark area changed to an isoelectric or oc- 
casionally depressed S-T segment as the electrode left the blue 
area and moved into normal tissue.!^ The hand-held wire 
electrode allowed good definition of the electrocardiographic 
edge. 

The periinfarct border zone was the zone lying between the 
visible edge of the zone of infarction and the next proximal 
anterolateral branch of the left anterior descending coronary 
artery (Fig. 1). The nonischemic zone was that tissue lying 
toward the base of the heart above the periinfarct zone. All 
zones were weighed at the end of each experiment. 

Processing of biopsy specimens: Biopsy specimens for 
analysis of adenosine triphosphate and related compounds 
were kept frozen overnight in liquid Ns and then split in half 
on an aluminium block chilled in liquid Nə. Each half (ap- 
proximately 80 mg) was weighed on a prechilled pan and 
deproteinized and analyzed for adenosine triphosphate, cre- 
atine phosphate, adenosine diphosphate, adenosine mono- 
phosphate, inorganic phosphate and lactate by methods 
previously described.* When adenosine diphosphate and 
adenosine monophosphate were analyzed, endocardial and 
epicardial samples were pooled. 

Biopsy specimens for glycogen were also split into endo- 
cardial and epicardial halves, weighed, digested in potassium 


EPICARDIAL ECG 
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values in millivolts 
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FIGURE 2. Dog 99. Example of epicardial electrocardiographic changes after ligation showing degree of S-T elevation in millivolts in relation to final 
biopsy sites. A, 20 minutes after ligation. In this experiment, 23 recordings were taken from the infarct (zones 1 and 2), which is shown separated 
by a stippled line indicating the early visible edge. There are 11 recordings from zone 3 and nonischemic zone 4. The two values in the periinfarct 
zone near the inferior ligation have been ignored. Mean values + standard error of the mean are 4.6 + 0.9 mv in the infarct zone, 1.3 + 0.7 in the 
periinfarct zone and 0 in the nonischemic zone. Note the marked site to site variation in degree of S-T elevation. B, 6 hours after ligation. In this 
experiment mean elevation is 2.6 + 0.5 mv (no. = 34) in the infarct zone, 2.2 + 0.7 (no. = 25) in the periinfarct zone and 0.1 + 0.5 (no. = 8) in 
the nonischemic zone. Note the increasing number of sites with S-T elevation in the periinfarct zone in this heart not infused with glucose-insulin- 
. . potassium. ~P = high energy phosphate; symbols as in Figure 1. 
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hydroxide, glycogen-precipitated and assayed as glucose by 
the glucose 6-phosphate dehydrogenase method. 

" Biopsies for K*/Na* ratios were first frozen in liquid No, 
then split into epicardial and endocardial parts, digested in 
nitric acid, dried, weighed, redigested and assayed by an IL 
flame photometer. The approximate size of the visible infarct 
was measured as before.? 

Biopsy specimens for histologic examination were cut in the 
routine manner after fixation, and stained by hematoxylin- 
eosin, periodic acid-Schiff with or without diastase digestion, 
Best’s carmine, and hematoxylin basic fuchsin picric acid. 
Seven criteria of infarction were searched for: edema, con- 
gestion, waviness of myofibers, myofibrillar degeneration, 
polymorphonuclear infiltration, glycogen depletion and 
fuchsinophilia and fuchsinorrhagia. A scoring was used clas- 
sifying each biopsy specimen on a scale of 0 (normality) to 3+ 
(severe abnormality). A total score of 5 or more correlated well 
with the anatomically defined infarct zone. Details are given 
elsewhere. !° 

Assessment of extent of ischemic damage: The extent 
of ischemic damage was assessed by the degree of K*/Na* 
depletion!9.!7 and the degree of glycogen depletion!? using 
methods similar to those of Jennings et al.!? for relating in- 
farction to K* loss. The weight of each infarct zone had to be 
known for this calculation. Thus a lesion in which area 1 had 
only 20 percent of the normal K */Na* value was regarded as 
having 80 percent ischemic damage. The sum of K*/Na* de- 
pletions in zones 1, 2 and 3 was taken together as the extent 
of ischemic damage. Similar calculations were made for gly- 
cogen depletion, which is closely linked to histologic evidence 
of necrosis.!0.15 

Tests of statistical significance: Mean values + standard 
error of the mean and P values from Student's t test were 
computed by standard procedures. P values greater than 0.05 
were held to be not significant (NS). 


Results 


Arteriovenous differences across the heart and oxygen 
extraction ratios (Tables I to IV): Preligation values rep- 
resent data from animals without infusion, each animal being 
represented by the mean of values 1 1/2 hours before ligation. 
Postligation samples were also grouped and values in animals 
without infusion compared with values in animals with infu- 
sion. Glucose-insulin-potassium infusion increased the blood 
glucose nearly threefold (from 4.3 to 11.5 millimolar) and there 
was also a threefold increase in the arteriovenous differences 
of glucose. The oxygen extraction ratio of glucose also in- 
creased about three times from 26 to 73 percent (that is, in 
infused dogs, glucose could account—if fully oxidized—for 
73 percent of the oxygen taken up at that time). 

Basal blood lactate values were about four times higher 
than in previous experiments in greyhound dogs; variable 
blood lactate values in dogs have already been commented 
on.2° The arteriovenous differences for lactate were also about 
three times larger, and lactate oxidation could account for 
approximately 50 percent of the oxygen taken up and was the 
major fuel of the heart in dogs without infusion. Postligation 
arterial blood lactate values were higher in the group given 
glucose-insulin-potassium (Table I), but arteriovenous dif- 
ferences and oxygen extraction ratio values were similar in the 
groups with and without infusion. | 

Free fatty acid levels were relatively low throughout the 
study; the preligation value was approximately 425 pEq/liter 
compared with about 700 uEq/liter in previous experiments.!° 
High circulating lactate values are known to decrease circu- 
lating free fatty acid values and myocardial extraction of free 
fatty acid.?! Arteriovenous differences and oxygen extraction 
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ratio of free fatty acids were also lower in the present experi- | 
ments. In dogs given glucose-insulin-potassium, circulating . 


free fatty acid values were very low, the arteriovenous dif- 


ference was small, and the oxygen extraction ratio was sup- — 
pressed to only 6 percent. The free fatty acid/albumin molar — 
ratio? fell from 2.19 in the group without infusion to 1.06 in - 


the group with infusion (Table IV). 


Values for total oxygen extraction ratio have a large - 


standard error and must be viewed with some reserve. How- 


ever, postligation oxygen extraction ratio values for dogs given — 


glucose-insulin-potassium were higher than in the group- 


p^ t 


without infusion, compatible with a nonoxidative fate of — 


glucose such as glycogen storage or lipid formation. 
The arterial K* value did not rise with glucose-insulin- 


potassium infusion, indicating either uptake of K* by tissue — 







METABOLIC MAP 
6thrs post-ligation 
DOG 99 No infusion 


i endocardial/epicardial values 
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E~ p | 4 
FIGURE 3. Dog 99. Values for tissue glycogen and K*/Na* ratios 


in various biopsy sites 6 1/2 hours after ligation. Note the greater de- 
crease in glycogen values in endocardial (numerators) than in epicardial 


(denominators) biopsy sites in the infarct zones. Endocardial K*/Na*. 


values are also generally lower than epicardial values. The decreased 
glycogen adjacent to biopsy site 3B corresponds with the 6 hour value 
for epicardial S-T elevation at that site, whereas normal glycogen values 
near sites 3A and 3C correspond with relatively normal S-T values at 
those sites (Fig. 2B). K*/Na* values are also decreased near site 3B, 
but normal glycogen values near sites 3A and 3C contrast with K*/Na* 
depression, indicating that there may be considerable metabolic vari- 
ation even in adjacent biopsy sites. ~P = high energy phosphate and 
lactate biopsy sites with the following values (endocardial/epicardial): 
Adenosine triphosphate (umole/g): site 1A 2.9/1.4; site 1B 0.2/1.8; 
site 2B 0.0/0.9; site 3B 0.2/3.3; site 4B 5.2/5.4. Creatine phosphate. 
(umole/g): site 1A 6.6/6.6; site 1B 2.0/8.5; site 2B 1.2/3.0; site 3B- 
1.1/11.0; site 4B 9.7/12.3. Inorganic phosphate (umole/g): site 1A 
8.5/8.9; site 1B 8.0/9.2; site 2B 8.0/6.1; site 3B 7.7/3.5; site 4B 4.5/2.0. 

Lactate (umole/g): site 1A 4.9/7.5; site 1B 14.0/7.3; site 2B 11.6/3.9; 
site 3B 11.3/2.6; site 4B 2.0/1.5. Symbols as in Figure 1. " 
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TABLE I 


E " Effect of Coronary Ligation and of Infusion of Glucose-Insulin-Potassium on Arterial Concentrations and Arteriovenous 
. Differences of Glucose, Lactate, Free Fatty Acid and Potassium 


| S E 

ES 

p. Before Ligation P 
- . Glucose (mM) 


Arterial concn. 4.86 * 0.21 (19) NS 
aw difference 0.28 * 0.07 (19) NS 
Lactate (mM) 
|... Arterial concn. | 2.92 + 0.34 (17) «0.03 
|... 8- difference | 0.90 + 0.11 (17) NS 
. . Free fatty acids (mM) 

-. A Arterial concn. 0.425 * 0.057 (14) NS 
|»... a~ difference 0.116 + 0.020 (13) NS 
| Potassium (mEq/liter) 
^. — Arterial concn. 4.5 * 0.02 (14) NS 

—0.02 + 0.05 (14) NS 


P a-v difference 
4 


After Ligation 


Without Infusion P With Infusion 
4.34 * 0.12 (52) «10^? 11.45 + 0.80 (61) 
0.20 + 0.03 (52) «0.004 0.59 * 0.12 (59) 
2.20 * 0.14 (62) «0.0006 3.11 * 0.23 (42) 
0.69 * 0.07 (62) NS 0.65 + 0.09 (42) 
0.436 * 0.035 (42) «10^? 0.160 + 0.014 (42) 
0.109 + 0.017 (42) «0.00002 0.021 * 0.008 (41) 

4.2 * 0.1 (42) NS 4.4 + 0.1 (41) 
—0.03 + 0.04 (42) NS —0.03 + 0.05 (41) 


N Values expressed as mean values * standard error of the mean with number of samples in parentheses. Values before ligation were obtained 1.5 
. hours before ligation in all animals; values after ligation represent hourly samples obtained 1 to 6 hours after ligation. 


.. or urinary loss. The arteriovenous difference of K+ across the 
___ heart was slightly negative in all groups, suggesting that in- 
fused K+ was taken up by noncardiac tissue, but the methods 
were not sensitive enough to measure small degrees of K+ 
uptake in the heart. 

Other circulatory changes (comparing groups without 
. infusion and groups with infusion after ligation) were a de- 
-creased hemoglobin level, a decreased calculated O» content 
j of the blood and a decreased arteriovenous difference of Os 
b (Table III). Coronary ligation caused a reduction in plasma 
|. proteins and plasma albumin in dogs with and without infu- 
— sion, but no differences were apparent between the latter 
_ groups. 
| Epicardial electrocardiographic changes as result of 
.. glucose-insulin-potassium (Table V): In the infarct zones, 
.. the mean epicardial S-T segment elevation decreased from 
_ 10.6to 6.4 mv in dogs without infusion, and to 3.4 mv in dogs 
_ given glucose-insulin-potassium. In the periinfarct border 
Ñ zone, S-T elevation nearly doubled in dogs without infusion, 


ONT SOLIS 








. emic" zone 4 there was again a small increase in S-T segment 

elevation in dogs without infusion (from —0.1 to 0.8 mv) but 
-no such increase in dogs given glucose-insulin-potassium. 
_ Thus infusion of glucose-insulin-potassium accelerated the 
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_ Effect of Coronary Ligation and Infusion of Glucose-Insulin- 
. Potassium on Oxygen Extraction Ratios of Glucose, Lactate 
. and Free Fatty Acids (FFA) 





bette wal as scalar” 





i » 
.. Oxygen After Ligation 
. Extraction 
E . Ratios Before Without 
m. A%) Ligation P X Infusion P | With Infusion 
Glucose 26*4(19 NS 23+3(52) 0.001 73:14 (59) 
_ Lactate 50*6(17 NS 36+4(62) NS 39 + 5 (42) 
baer FA 27+4(13) NS 21+3(42) 0.0007 6+3(41) 
— Total 101+8(13) NS 80+6(42) 0.02 118 * 15 (41) 
A LEE 


É Values expressed as mean + standard error of the mean with num- 
-ber of samples in parentheses. 

-For calculation of oxygen extraction ratios see Ref 15. No allow- 
- ance has been made for the ‘‘oxygen-wasting” theoretically possible 
_ during FFA-metabolism (see text). 

—— NS = not significant; P = probability. 
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a-v = arteriovenous; concn. = concentration; NS = not significant; P = probability. 


rate of fall of the epicardial S-T segment in the infarct zones 
and prevented the development of a small degree of S-T ele- 
vation in the periinfarct and nonischemic zones. 

Tissue metabolic changes: The effects of glucose-insu- - 
lin-potassium infusion on tissue metabolic values are shown 
in Tables VI to VIII. The major effects were in the periinfarct 
border zone, where the K * /Na* ratio rose, K+ increased, Nat 
decreased, glycogen increased, inorganic phosphate decreased 
and there were rises in the phosphate potential ratios, here 
measured by (adenosine triphosphate + creatine phos- 
phate)/(inorganic phosphate) and (adenosine triphosphate)- 
/(adenosine diphosphate + inorganic phosphate). Other 
changes included: (1) an increased endocardial adenosine 
triphosphate value in the infarct area; (2) a decreased inor- 
ganic phosphate value in the endocardial infarct zone and in 
the nonischemic zone; (3) an increased lactate value in the 
central infarct and nonischemic areas; and (4) a decreased 
adenosine diphosphate and adenosine monophosphate value 
in the nonischemic zone. 

Effect of ligation on nonischemic tissue: Nonischemic 
tissue from animals with coronary arterial ligation was com- 
pared with tissue from hearts taken directly after opening the - 
chest (0 time control group) or from the control group main-. 
tained for 6 1/2 hours without coronary ligation. Values of 
adenosine triphosphate, creatine phosphate, inorganic 
phosphate, lactate, K+, Na+ and K */Na* and dry/wet weight 
ratios did not differ between the nonischemic zones of in- 
farcted hearts and hearts in the 6 1/2 hour nonligated control 

group, except that glycogen rose in the nonischemic zone of 
the former, in keeping with histochemical observations in 
infarcted human hearts.?? These conclusions are based on at- 
least three biopsy specimens from each zone in seven dogs, 
with division into endocardial and epicardial values (that is, 
42 or more biopsy specimens per zone). Values for adenosine 
triphosphate, creatine phosphate, inorganic phosphate, lac- 
tate, adenosine diphosphate and adenosine monophosphate 
in hearts in the 0 time control group were similar to values in 
the 6 1/2 hour control group and in the nonischemic zone of - 
noninfused ligated hearts. None of the control values showed - 
any major regional difference from apex to base of the 
heart. ed | 
Heart rhythm: By the end of 6 hours, the majority of ani- 
mals manifested frequent ectopic beats, but usually sufficient 


beats were sinus in origin to allow assessment of S-T segment 


development. | 





Extent of ischemic damage: a. Anatomic definition of 
early limits of infarct. After all the biopsy specimens had been 
taken, the early visible edge, as drawn on a map of the heart 
and localized by the epicardial vessels (Fig. 1), was cut out to 
separate the infarct and periinfarct zones; the latter zone was 
then separated from the nonischemic zone, and each zone was 
weighed. The average initial infarct weight, estimated in this 
way, was about 12 percent of the whole heart in each group 
(about one third being area 1 and two thirds area 2). The 
periinfarct zone weighed about 7 percent of the whole 
heart. 

b. Biochemical definition. Using the degree of depression 
of the K*/Na* ratio as an index of ischemic damage, the final 
depression of the K */Na* ratio was 12.7 percent in the group 
without infusion and 9.5 percent in the group with infusion. 


TABLE III 


If one uses the degree of glycogen depletion as an index of 
ischemic damage, the total cardiac glycogen level fell by 10.3 
percent in dogs without infusion and by 7.8 percent in dogs 





given glucose-insulin-potassium. These approximations — 


suggest that glucose-insulin-potassium decreased biochemical 
damage by 20 to 25 percent. If one considers only the infarct 
and periinfarct zones, glucose-insulin-potassium decreased 
the extent of glycogen depletion by 28 percent. The degree of 
depletion of tissue creatine phosphokinase was not helpful in 
assessing infarct size in these experiments because major loss 
of tissue creatine phosphokinase takes place only later. 


However, Maroko et al.! have related the degree of S-T ele- . 


vation 15 minutes after ligation to creatine phosphokinase 
depletion at 24 hours; hence it may be expected that an ac- 
celerated fall of epicardial S-T elevation in the infarct zone 


Blood PO,, Hemoglobin and Calculated O, Content Before and After Coronary Ligation 


Before Ligation P 
Hemoglobin 16.9 + 0.4 (14) NS 
(g/100 mi) 
Calculated O, 22.5 + 0.09 (20) NS 
content (ml/100 ml) 
Calculated a-v O, 12.2 + 0.4 (17) «0.02 
difference 
(ml/100 ml) 


After Ligation 


Without Infusion P With Infusion 
16.7 + 0.4 (47) «10^ 14.1 + 0.3 (25) 
21.5 + 0.18 (37) «10^? 18.6 + 0.16 (45) 

<10 11.1 + 0.37 (45) 


13.8 + 0.4 (34) 


ID adh eta cn cg a Oe ce Rn M uns Oe ora ae EF fee 
Values expressed as mean + standard error of the mean with number of samples in parentheses. 
*Conversion factor: hemoglobin = hematocrit X 2.84 + 0.03 (no. = 49); the O, content of hemoglobin is taken as 1.38 ml/g (see Ref 51). 


TP <0.05 versus values in group before ligation. 
a-v = arteriovenous; NS = not significant; P = probability. 


TABLE IV 


Plasma Proteins and Albumin and FFA/Albumin Molar Ratios in Arterial Blood Before and After Coronary Ligation 


Before Ligation P 

Plasma proteins 6.7 + 0.1 (9) <0.003 
(g/100 mi) 

Plasma albumin 1.7 + 0.08 (9) <0.001 
(g/100 ml) 

Blood urea 39 + 3 (9) NS 
(mg/100 ml) | 

FFA/albumin 1.62 + 0.30 (7) NS 


(molar ratio) 


After Ligation 


mie N 


Without Infusion P With Infusion 
5.6 + 0.2 (14) NS 5.2 + 0.2 (16) | 
1.3 + 0.07 (14) |... NS 1.1 + 0.04 (16) | 
34 + 2 (14) <0.008 26 + 2 (16) 


2.19 + 0.35 (14) 1.06 + 0.06 (12) 


Cusen ae ce ra CE RR NEN ELM C MEUM De Ee METAL HE UTR ANC. TS ee 


Values expressed as mean * standard error of the mean with number of samples in parentheses. 


FFA = free fatty acid; NS = not significant; P = probability. 


TABLE V 


Effect of Glucose-Insulin-Potassium Infusions of 6 Hours’ Duration on Epicardial S-T Elevation After Coronary Ligation 


NM Ae VU CREEK cS —————————————ü!/?—————— D ————————— ODD A AM MEEEMUCALLI ANN ANA NUI M M EOD CELL C cC CO! c LAMP c 9H e IRATROCUTRURDIC OUO MEME IS 


Early Postligation 


Final Postligation Reading’ (mv) 


EMEND NENNEN NENNEN NMNMNENENMEKMECNNMN—————( A LI Aa. rn n n.r 


Reading* (mv) P 
Infarct zone 10.6 + 1.2 (367) «0.02 
Periinfarct border 1.0 + 0.3 (97) «0.001 
zone 
Nonischemic zone «0.01 


—0.1 * 0.1 (50) 





Values expressed as mean + standard error of the mean for the number of observations in parentheses (sum of all values of all sites for each - 


zone from al! hearts in group, see Fig. 1) 


. 
~ 
| 


Without Infusion P With Infusion 
6.4 + 0.6 (213) <0.00003 3.4+0.4 (234) . 
2.2 + 0.2 (77) <0.02 1.5 + 0.2 (54) — 
<0.01 —0.3 + 0.2 (33) 


0.8 + 0.3 (47) 


*Taken 15 to 30 minutes after coronary arterial ligation and before start of infusion period (Fig. 1). 
tTaken after 6 hours of glucose-insulin-potassium infusion or after similar control period (Fig. 2A). 


P = prokability. 
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would have been associated with decreased tissue necrosis at 
24 hours. At 6 1/2 hours after ligation, histologic improvement 
in dogs given glucose-insulin-potassium was evident only in 
. the periinfarct zone where the average histologic score fell 
— from 7.8 to 3.2 (P < 0.005).1° 
Assessment of model: An important defect of our model, 
... and possibly of other models using mongrel dogs, is that there 
.. were relatively low circulating values of free fatty acid, hy- 
poalbumineamia and high circulating values of lactate. All of 
these were absent in our previous studies in greyhounds,!^ 
presumably because the latter were in much better nutritional 
.... State and in excellent general health. These limitations require 
.. that data on mongrel dogs be evaluated together with data on 
other infarct models such as the isolated perfused rat heart,?? 
where better control of circulating substrate and albumin 
concentrations is possible. 


Discussion 


Effects of glucose-insulin-potassium on substrate 
metabolism: These studies confirm previous reports 


_ ofa beneficial effect of glucose, insulin and potassium 
_ on developing myocardial infarction in the dog and 


. baboon.?:12*25 but these appear to be the first experi- 
. ments in which tissue metabolic values are assessed in 
the light of arteriovenous substrate differences. 

The combined total for the oxidation extraction ratio 
for glucose, lactate and free fatty acid in dogs given 
glucose-insulin-potassium infusions exceeded 100 
percent, a finding compatible with nonoxidative fates 
of glucose. One such fate would be glycogen formation 
in keeping with increased tissue glycogen values. An- 


TABLE VI 


other fate of the glucose extracted could be increased 
provision of alpha-glycerophosphate for intracellular 
esterification of tissue free fatty acid. In the absence of 
measurements of tissue neutral lipids, it is not possible 
to check whether the excess glucose oxygen extraction 
ratio could precisely be accounted for as glycogen and 
lipid formation, but the latter fate also seems likely.26 
Another possibility is that some of the glucose uptake 
formed lactate, thereby accounting for the unchanged 
lactate arteriovenous differences in spite of increased 
arterial lactate in dogs given glucose-insulin-potassium 
infusions. Normally, an increased circulating lactate 
value should be accompanied by increased lactate ex- 
traction.??? Because arteriovenous differences were 
relatively small in relation to the circulating glucose 
concentrations, technical problems arose in spite of 
triplicate glucose assays. Nevertheless, an effect of 
glucose-insulin-potassium in increasing the myocardial 
glucose extraction is in agreement with data in patients 
with stable coronary heart disease.? 

The arterial free fatty acid values were lower than 
those found in patients within the early hours of myo- 
cardial infarction.?? However, the albumin values were - 
also low in these dogs (preligation value 1.7 g/100 ml). 
Hence, the preligation free fatty acid/albumin molar 
ratio was about 1.6, whereas after ligation the ratio was 
about 2.2 in dogs without infusion and 1.1 in those with 
infusion. In patients with acute infarction the ratio is 


about 1.5.?? Since there is evidence that the free fatty 


acid/albumin molar ratio may be responsible for the rate 


Effects of Glucose-Insulin-Potassium (GIK) Infusion of 6 Hours' Duration on Tissue Metabolic Changes in 


Infarcting Dog Heart 


» eS E*3TD 0002 POF 2 Se RSS IC TII cere a A a fl. 


Central Infarct Peripheral Infarct Periinfarct Nonischemic 
(Zone 1) (Zone 2) (Zone 3) (Zone 4) | 
UNE UA T, omemcepmI mu ME REI rA DLP ERATES NEN VEU T P Ses 
Glycogen 
Control (6 hr) 39.5 * 1.7 (43) 41.9 + 1.7 (46) 37.8 * 1.3 (45) 39.3 + 1.6 (42)* 
No GIK 8.4 + 1.9 (16) 11.2 + 1.6 (36) 44.7 + 2.6 (48) 54.0 + 1.7 (51)* 
GIK 15.1 + 2.5 (22) 20.3 + 2.3 (48) 59.4 * 2.7 (48) 64.0 * 2.0 (38) 
n = 0.05 «0.004 «0.0002 «0.0003 
K 
JA Control (6 hr) 71.5 * 1.0 (31) 71.0 + 1.5 (29) 72.8 * 1.0 (31) 74.4 * 0.9 (32) 
No GIK 43.8 * 2.7 (15) 46.0 + 2.2 (34) 68.9 + 2.2 (47) 77.3 * 1.3 (43) 
GIK 50.9 + 4.3 (22) 50.8 * 2.4 (43) 76.2 * 1.7 (42) 77.4 * 1.2 (55) 
NS «0.02 NS 
Na* 
Control (6 hr) 40.0 * 1.8 (31) 36.8 * 2.3 (29) 34.9 + 1.1 (31) 34.1 * 0.7 (29) 
No GIK 127.1 + 10.3 (50) 103.5 + 5.7 (32) 61.3 + 4.6 (50) 35.7 + 1.3 (43) 
GIK 113.0 + 8.8 (24) 110.8 + 5.3 (46) 46.0 + 2.6 (41) 37.0 + 1.0 (53) 
P NS « 0.008 NS 
K*/Na* 
Control (6 hr) 1.95 + 0.06 (37) 2.09 + 0.06 (35) 2.12 * 0.07 (39) 2.18 + 0.05 (38) 
No GIK 0.44 * 0.05 (16) 0.48 + 0.03 (49) 1.43 * 0.09 (50) 2.27 + 0.05 (43) 
-= GIK 0.64 + 0.11 (22) 0.56 + 0.05 (46) 1.87 + 0.09 (41) 2.17 + 0.06 (53) 
P NS <0.001 NS 
Dry/wet weight ratio 
Control (6 hr) 20.5 + 0.1 (44) 20.8 + 0.2 (39) 21.1 + 0.1 (43) 20.8 + 0.2 (48) 
No GIK 16.9 + 0.7 (16) 16.9 + 0.3 (50) 19.3 + 0.4 (49) 20.6 + 0.2 (44) 
GIK 15.8 + 0.6 (24) 16.0 + 0.4 (47) 19.6 + 0.3 (46) 19.9 + 0.2 (56) 
P NS NS NS 
a a a es an soo Mae Ema S Ted 


t = F-22005. 


Values expressed as mean values + standard error of the mean for number of samples in parentheses. For explanation of biopsy zones see 
Figure 1. Units: glycogen, umole C6/g wet weight; K* and Nat, mEq/kg fresh weight; dry/wet weight ratio as percent. P values indicate differ- 


ence between dogs without and with glucose-insulin-potassium infusion. 


NS = not significant. 


X 316 September 1976 The American Journal of CARDIOLOGY Volume 38 


^ "^ m pe 
b a baai E 
<a ee EAR cag És a ~ s 


T ry Tay Fase DER i"u U* = vs x ETER x- r= a oe 3 
" E passi SAT cocaine ETT eR OP ee d .GL 
"AN MeL Ix sis biu d OMNE - : 24 "- "Wt LS SE iuc 


of free fatty acid uptake by the heart and may help to 
determine the “toxic” effects of free fatty acid,”*° the 
decrease of the ratio from 2.2 to 1.1 by glucose-insulin- 
potassium may be significant. In the isolated rat heart 
with coronary ligation, glucose or insulin, or both, lowers 
the rate of release of lactate dehydrogenase compared 
with free fatty acid perfusates, and a high free fatty 
acid/albumin molar ratio accelerates the release of 
lactate dehydrogenase.?? 

Arteriovenous differences were measured across the 
whole heart but not across the ischemic zone, which 
differs greatly in its regional metabolism.?! However, 
present evidence is that glucose-free fatty acid inter- 
action takes place in ischemic tissue much as in normal 
tissue, probably because patterns of oxidative metab- 
olism persist in the ischemic tissue until the level of 
blood flow is extremely low.?9 


TABLE VII 


Effects of glucose-insulin-potassium on arte- 
riovenous difference of oxygen across the heart: 
After coronary arterial ligation, myocardial oxygen 


extraction (arteriovenous difference) increased (Table - 


IID, probably to compensate in part for the regional 
decrease in blood flow. With infusion of glucose-insu- 
lin-potassium, the arteriovenous Ov difference fell 
rather than rose. Stanley et al.? attributed a similar 
decrease in Os extraction in patients with stable coro- 
nary artery disease to decreased free fatty acid extrac- 
tion because it appeared unlikely that there was de- 





creased myocardial contractility during glucose-insu- 


lin-potassium infusion. Our data also show a positive 
correlation between decreased Os and decreased free 
fatty acid extraction. However, another relation be- 


tween the decreased Os extraction and the decreased ~ 


arterial Ov content is associated with a decreased he- 


Effect of Infusions of Glucose-Insulin-Potassium (GIK) of 6 Hours' Duration on Myocardial Energy Metabolism in Infarcting 


Dog Heart (umole/g wet weight) 


EDS UOTE CMMMEEMCNMMMMNMCITNUE M ——— DM AM Ro A^ A n n n n VEEMLID MMC AM cUMPINUPLI TOFU TEE TE: 


Central Infarct Peripheral Infarct Periinfarct Border Nonischemic 
(Zone 1) (Zone 2) (Zone 3) (Zone 4) 
RIMINI SS Scio 2 yor r Wd i urs ere LR du ocio tie reri E ee EIE ee 
ATP 
Control (6 hr) 4.57 + 0.32 (17) 4.79 + 0.14 (17) 4.63 * 0.25 (15) 4.91 + 0.20 (27) 
No GIK 0.81 + 0.22 (24)** 0.91 + 0.40 (10)** 2.47 + 0.41 (17)** 5.01 + 0.18 (20) 
GIK 0.89 + 0.22 (24) Tt 1.60 + 0.30 (10)*T 3.38 + 0.49 (15)7 5.01 + 0.29 (20) 
P NS NS NS NS 
CP 
Control (6 hr) 9.45 + 0.52 (18) 10.16 + 0.53 (17) 10.13 + 0.68 (15) 10.05 « 0.38 (21) 
No GIK 1.94 + 0.44 (26)** 1.08 + 0.34 (10)** 5.83 + 0.88 (19)* 11.28 + 0.28 (20) 
GIK 1.27 + 0.27 (24) 7T 3.91 + 1.15 (10)71 8.25 + 1.03 (15) 11.10 + 0.55 (20) 
P NS 0.03 NS NS 
ADP 
Control (1 hr) 0.850 + 0.049 (5) 0.779 + 0.055 (5) 0.901 + 0.048 (5) 0.775 + 0.044 (5) 
No GIK 0.381 + 0.036 (14)** 0.332 + 0.082 (6)** 0.460 + 0.071 (8)** 0.803 + 0.039 (10) 
GIK 0.324 + 0.049 (14) TT 0.365 + 0.040 (7)** 0.595 + 0.055 (7) 77 0.581 + 0.068 (11) 
P NS NS NS «0.0125 
AMP 
Control (1 hr) 0.090 + 0.025 (5) 0.101 + 0.033 (5) 0.105 + 0.020 (4) 0.096 + 0.030 (5) 
No GIK 0.112 + 0.019 (15) 0.079 + 0.007 (9) 0.055 + 0.008 (6)* 0.065 + 0.007 (10) 
GIK 0.085 + 0.013 (15) 0.060 + 0.019 (8) 0.037 + 0.009 (7)** 0.038 + 0.010 (11) 77 
Ka NS NS NS <0.05 
l 
Control (6 hr) 2.92 + 0.23 (15) 3.10 + 0.32 (13) 3.04 + 0.27 (13) 3.11 + 0.21 (23) 
No GIK 11.22 + 0.94 (22)** 9.32 + 1.30 (10)** 6.38 + 0.95 (15)** 3.31 + 0.30 (16) 
GIK 9.51 + 0.94 (25)tt 6.66 + 0.95 (11)7T 3.29 + 0.38 (16) 2.40 + 0.29 (21) 
P NS NS «0.005 «0.04 
Lactate 
Control (6 hr) 2.07 + 0.22 (16) 2.36 + 0.37 (18) 2.29 + 0.46 (16) 2.20 + 0.36 (19) 
No GIK 15.74 + 1.94 (26)** 13.21 + 2.32 (8)** 5.80 + 1.33 (14)* 2.50 + 0.37 (18) 
GIK 23.29 + 1.67 (27) TT 14.17 + 225 (13) tt 6.68 + 1.05 (13)71 4.60 + 0.61 (21)** 
P «0.005 NS NS «0.01 
(ATP * CP)/Pi 
Control (1 hr) 4.82 * 0.60 (8) 5.31 + 0.52 (9) 5.81 + 0.54 (9) 6.16 + 0.31 (16) 
No GIK 0.33 + 0.09 (19)** 0.25 + 0.09 (10)** 2.05 + 0.40 (15)** 5.47 + 0.46 (16) 
GIK 0.35 + 0.13 (11) TT 1.61 + 0.70 (10)*7 6.04 + 1.75 (15) 8.51 + 0.92 (20)T 
P NS NS «0.04 «0.01 
ATP/(ADP + Pi) 
Control (1 hr) 1.25 + 0.26 (3) 1.24 + 0.19 (3) 1.40 + 0.06 (3) 1.52 + 0.06 (6) 
No GIK 0.14 + 0.042 (22)** 0.11 + 0.05 (10)** 0.45 + 0.10 (15)** 1.32 + 0.08 (16) 
GIK 0.14 + 0.038 (24)t 1 0.34 + 0.11 (10)T7 1.34 + 0.34 (12) 1.83 + 0.18 (15) 
P NS NS «0.015 «0.015 
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Values expressed as mean * standard error of the mean with number of samples in parentheses. 


P values indicate differences between dogs without infusion and dogs given glucose-insulin-potassium. *P <0.05;**P «0.005 for comparison 
between control dogs (no ligation) and dogs without infusion; TP «0.05, t *P «0.005 for comparison between control dogs (no ligation) and 


dogs given glucose-insulin-potassium infusion. 


ADP = adenosine diphosphate; AMP = adenosine monophosphate; ATP = adenosine triphosphate; CP = creatine phosphate; NS = not signif- i 


icant; P = probability; Pi = inorganic phosphate. 
For explanation of biopsy zones, see Figure 1. 
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= TABLE VIII 


Effect of Infusions of Glucose-Insulin-Potassium (GIK) of 6 
Hours' Duration on Endocardial and Epicardial Metabolic 
Values in Infarct Zones 





Values (umole/g wet weight) 





Endocardial Epicardial 
ATP 
No GIK 0.53 * 0.19 (16) 1.15 + 0.35 (16) 
GIK 1.46 + 0.39 (17) 1.71 + 0.41 (17) 
P ; <0.04 NS 
Pi 
No GIK 10.99 + 1.00 (15) 10.78 + 1.27 (15) 
GIK 7.91 + 0.96 (17) 8.95 + 1.27 (17) 
<0.03 NS 
K*/Na* 1 
No GIK 0.48 * 0.06 (25) 0.47 + 0.04 (24) 
GIK 0.49 * 0.07 (34) 0.67 * 0.07 (34) 
P NS «0.03 
Glycogen * 
No GIK 9.1 + 1.8 (26) 11.6 + 1.8 (26) 
GIK 15.2 + 2.5 (35) 22.1 + 2.3 (35) 
P NS «0.001 


* As glucose equivalents. 
Values expressed as mean values + standard error of the mean with 


. - number of samples in parentheses. 


ATP = adenosine triphosphate; NS = not significant; P = probabil- 
ity; Pi = inorganic phosphate. 


~ moglobin concentration. The cause of the latter is not 


clear, but hemodilution must be considered. Plasma 


— proteins and plasma albumin both decreased after 


coronary artery ligation, but results were not different. 
in the dogs with and without infiision. However, blood 


. urea decreased more in the dogs treated with glucose- 
. insulin-potassium than in untreated dogs. Hemodilu- 
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tion may be associated with decreased S-T elevation in 
experimental ischemia,?? but the degree of hemodilution 
used was profound. Whatever the mechanisms involved, 
it appears that decreased free fatty acid extraction 
might not be the only cause of decreased O» extraction 


after glucose-insulin-potassium infusion. 


Glucose-insulin-potassium and anaerobic gly- 
colysis: One postulated mode of action of glucose-in- 
sulin-potassium may be increased anaerobic glycol- 
ysis..!! As judged by multiple biopsy samples, glu- 
. cose-insulin-potassium caused relatively small changes 
in high energy phosphate compounds and lactate, with 
more definite increases in glycogen in the infarct zone. 
A simultaneous increase in tissue contents of high en- 
ergy phosphate compounds, lactate and glycogen in 
ischemic tissue could suggest that increased glucose 
uptake had been accompanied by increased net con- 


version to glycogen and lactate and increased adenosine 
triphosphate production. These changes are compatible 
_ with but do not prove increased anaerobic glycolysis 
-. during glucose-insulin-potassium infusion. When 


- compared with the estimated glucose uptake, rates of 


r 
BY 


- anaerobic glycolysis (with lactate production) would be 


low and unlikely to contribute significantly to the en- 


. ergy deficit developing in the infarcting myocardium. 26 


y 
E 


E 


However, increased aerobic glycolysis could act in two 
ways. First, some evidence suggests that glycolytically 
produced ATP may have a special role in the mainte- 


_ nance of membrane integrity.?? Second, increased oxi- 
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dative metabolism of glucose may be associated with 
decreased ischemic damage.*® 

An increased content of tissue glycogen could occur 
either by decreased breakdown or increased synthesis 
of glycogen. Activation of phosphorylase required for 
breakdown of glycogen occurs in response to increased 
intracellular contents of inorganic phosphate and of 
adenosine monophosphate or by a cyclic-AMP me- 
diated interconversion of phosphorylase b to a, or 
both.*4 In our experiments, inorganic phosphate de- 
creased as a result of glucose-insulin-potassium infu- 
sion, raising the possibility of decreased breakdown of 
glycogen. On the other hand, increased synthesis of 
glycogen could readily be explained as the combined 
effect of increased glucose uptake and the action of in- 
sulin.*4 Increased glycogen stores are known to protect 
against subsequent anoxia??? although there is no firm. 
evidence that increased glycogen protects against 
myocardial ischemic damage. 

The amount of increase in the glucose uptake re- 
quired to cause the glycogen increases found would be 
about 2 umole/g wet weight per hour. At an assumed 
coronary flow rate of 1 ml/g per min;?6 the glucose up- 
take of the dog heart before ligation can be estimated 
at about 20 umole/g wet weight per hour from our ar- 
teriovenous difference data. With a mean coronary 
blood flow of about 20 percent of normal to the pe- 
ripheral infarct zone?6 the mean glucose uptake of that 
zone would be at least 4 umole/g wet weight per hour in 
hearts without infusion and about 12 umole in hearts 
with glucose-insulin-potassium infusion. Larger values 
for glucose uptake would be obtained if the arteriove- 
nous differences across the infarcting tissue were greater 
than the arterial coronary sinus differences.!? Lactate 
formation was not the major fate of the glucose uptake 
according to oxygen extraction ratio data (Table I), even 
in the infarcting tissue as shown by studies with car- 
bon-14-labeled glucose.!^? Hence the major part of the 
glucose taken up during glucose-insulin-potassium 
infusion is probably metabolized oxidatively, a con- 
clusion that also argues against an important role for 
anaerobic glycolysis in the action of glucose-insulin- 
potassium infusion. 

Effects of glucose-insulin-potassium and free 
fatty acid metabolism: Uptake and metabolism of free 
fatty acids by the infarcting tissue may lead to less ef- 
ficient utilization of oxygen than with glucose as sub- 
strate. First, free fatty acids have a lower phosphoryl- 
ation/oxidative ratio than glucose when normally oxi- 
dized, but the magnitude of this effect is only about 10 
percent if the phosphorylation/oxidative ratio falls from 
3.15 (glucose) to about 2.85 (free fatty acid) on changing 
from oxidation of only glucose to only free fatty acid. 
But in the present experiments, free fatty acids ac- 
counted for only about 20 percent of the oxygen ex- 
traction ratio in hearts without infusion; hence, such 
phosphorylation/oxidative changes could not be im- 
portant. However, Bremer? has postulated a theoretical 
back-reaction that could occur during the oxidation of 
fatty acids so that the effective phosphory]ation/oxi- 
dative ratio could be as low as 1. Second, it has fre- 
quently been suggested that intracellular free fatty acids 
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could accumulate in ischemic tissue*® with uncoupling 
of oxidative phosphorylation, but firm evidence to back 
this hypothesis is lacking. Third, there is in ischemic 
tissue an accumulation of acyl CoA, which is an inter- 
mediate of fatty acid oxidation; acyl CoA inhibits 
transfer of energy as adenosine triphosphate from 
within to without the mitochondria?? and therefore 
impairs the effective production of energy from oxygen. 
These effects would explain why decreased circulating 
free fatty acid and decreased free fatty acid extraction 
could be an important effect of glucose-insulin-potas- 
sium infusion. 

Effects of glucose or insulin, or both, at a relatively 
constant circulating free fatty acid concentration? have 
been found in an isolated rat heart system where en- 
zyme release is decreased, thus suggesting that glu- 
cose-insulin-potassium infusion could also have a 
*membrane-stabilizing" effect. We have no evidence for 
or against the possibility that glucose-insulin-potassium 
acted as a “polarizing” agent, as originally suggested by 
Sodi-Pallares et al.40; although S-T elevation decreased 
in the infarct zone, the degree of K* depletion was not 
altered by glucose-insulin-potassium although K* in- 
creased in the periinfarct border zone. However, the 
techniques used did not allow precise separation of 
intra- and extracellular K* values. 

Comparison with baboon model: The similarities 
between the effects of glucose-insulin-potassium infu- 
sion in dogs and baboons? were an increased tissue 
K*/Na* ratio in periinfarct zones and some infarct 
zones, an increased glycogen in most zones, and some 
improvement in high energy phosphate or inorganic 
phosphate values in the infarct zone. A difference was 
a small increase in the lactate content in the central 
infarct zone in the dog. In both dog and baboon models 
major changes in the K*/Na* ratio and glycogen con- 


tent could be found in zones where there was no evi- 


dence for increased anaerobic glycolysis, but the dog 
data suggest increased aerobic glycolysis. An unex- 
plained discrepancy was an increase of inorganic 
phosphate in the nonischemic zone in the baboon but 
a decrease in the dog. In our dog model, in contrast to 
the baboon, the nonischemic zone underwent only 
minor changes after coronary arterial ligation. In both 
models, glucose-insulin-potassium was more effective 
in the peripheral and periinfarct zones than in the 
central infarct zone, suggesting that it affects zones of 
milder rather than of more severe ischemia. However, 
the infarction process after occlusion of the left anterior 
descending artery in the dog is heterogeneous (Fig. 4); 
in spite of multiple biopsies, the methods used in our 
study do not allow quantification of the effects of glu- 
cose-insulin-potassium on infarct size. 
Electrocardiographic effects of glucose-insu- 
lin-potassium: In the dog, glucose-insulin-potassium 
hastened the rate of decrease of epicardial S-T elevation 
found in infarct zones; this is believed to be the first 
evidence suggesting that observation of epicardial S-T 
changes over a long period (6 hours in this case) could 
be a usefül index of increased tissue metabolic im- 
proventent. By extrapolation, precordial changes similar 
in direction could be expected.!? However, the S-T 
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segment changes over the infarct zone were relatively 
large, whereas tissue metabolic effects were less marked. 
In addition, major metabolic changes were found in the 
periinfarct zone in contrast to the absence of electro- 
cardiographic changes. Our data on dogs suggest that 
glucose-insulin-potassium improves both electrocar- 
diographic and tissue metabolic features of infarction, 
but there is no exact correspondence between these 


changes. Smith et al. have noted that the degree of S-T 
elevation and the severity of reduction in flow do not | 


always correlate well. In the baboon, glucose-insulin- — 


potassium caused tissue metabolic improvement - 


without decreasing epicardial S-T elevation. Sponta- . 


neous fluctuations in the evolution of epicardial S-T 


changes could contribute to the differences at 6 hours 
between the groups with and without infusion; hence, - 
for firm interpretation, intermediate S-T values be- — 


tween 30 minutes and 6 hours are required. It is not. 
possible to say whether the dog or baboon model cor- 


responds more closely to the situation in patients with _ 


acute myocardial infarction, and further exploration of 
the possible use of electrocardiographic changes to 
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monitor the effects of glucose-insulin-potassium both 
in man and in experimental animals is required. In — 
particular, the epicardial electrocardiogram could be . 
used to test whether glucose-insulin-potassium might - 
differentially affect zones of moderate rather than of 


severe electrocardiographic damage. 


Application to assessment of effects of glucose- . 


insulin-potassium in patients: There are many out- 


standing questions to be answered before glucose-in- . 
sulin-potassium can be recommended for general use © 


in patients with acute myocardial infarction.!! Our |. 
studies cannot be applied directly to patients, especially - 


because there were basal lactate, free fatty acid and — 
albumin values that would be unusual in patients with — 


acute myocardial infarction.?94? Nevertheless, the ef- 


fects reported here constitute further evidence fora 
beneficial effect of glucose-insulin-potassium on tissue _ 


metabolic, histologic and electrocardiographic criteria 


of ischemic damage. The association between increased | 


glucose and decreased free fatty acid arteriovenous 


differences across the whole heart with simultaneous © 


tissue metabolic improvement after glucose-insulin- - 


potassium suggest that monitoring of arterial and ar- 


nim. 


teriovenous substrate differences in patients with acute — 


myocardial infarction given glucose-insulin-potassium 


might be a useful procedure, as already reported in | 


patients with stable coronary artery disease or unstable 
angina by others.?:? It is also of interest that other 


agents that reduce myocardial extraction of free fatty 


acid and increase that of glucose, such as propranol- - 
oli$44 and dichloroacetate, decrease myocardial | 


ischemic damage as evidenced pathologically or by de- 


creased epicardial S-T elevation. There is thus in- $ 
creasing evidence to support the view that provision of | 


glucose is beneficial?” and provision of free fatty acids 


harmful?549 to infarcting myocardium. 


However, these hypotheses need vigorous evaluation 
in man. The effects of glucose-insulin-potassium given. 
30 minutes after acute coronary occlusion and studied 
6 hours later might differ from results with treatment 
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later in evolving human myocardial infarction. Rackley 
et al.*745 found a beneficial effect of glucose-insulin- 
potassium in patients with acute myocardial infarction, 
judged both by mortality and by enzyme release. 
However, Reduto et al.,*? found no effect of glucose- 
insulin-potassium on infarct size measured by the cre- 
atine phosphokinase curve technique. Heng et al.5° gave 
glucose-insulin-potassium infusions to patients in the 
acute stage of myocardial infarction and failed to find 
any statistically beneficial effect; they discontinued 
their trial. The blood sugar levels reached in their study 
(over 30 millimolar) apparently caused a positive ino- 
tropic effect, which is known to increase infarct size. It 
follows that future trials of glucose-insulin-potassium 
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in man should avoid such high blood sugar levels or in- 
crease the dose of insulin relative to that of glucose; in 
our study the mean blood sugar was just over 10 milli- 
molar. 
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The extent and rate of left ventricular wall thickening during systole has 
previously been shown to be a useful measure of regional ventricular 
function and to play an important role in the ejection of blood from the left 
ventricle. The relation among systolic wall thickening, the directional 
components of contraction, ejection fraction and force velocity mea- 
surements is therefore of interest in understanding the dynamics of 
contraction of the intact ventricle. This report describes a theoretical basis 
and method for using ventricular angiograms to quantify the separate 
contributions of longitudinal shortening, circumferential shortening and 
systolic wall thickening to overall ventricular performance in man. One 
hundred twenty-two patients with valvular, coronary or myocardial heart 
disease were studied with biplane angiocardiography during diagnostic 
cardiac catheterizations. The percent contribution of directional com- 
ponents to total work or power developed by a mid-wall equatorial element 
of myocardium was shown to be: longitudinal, 14 percent in normal and 
diseased ventricles; circumferential, 45 percent in normal, increasing to 
55 percent in dilated ventricles (P <0.005); wall thickening, 40 percent 
in normal, decreasing to 31 percent in dilated ventricles (P <0.001). Thus, 
left ventricular contraction, which is expressed as systolic wall thickening, 
quantified separately from inward wall displacement due to mid-wall 
circumferential shortening, accounts for nearly half of segmental left 
ventricular work and power. The rate and extent of ventricular wall 
thickening correlated closely with ejection fraction (r = 0.92 and 0.95, 
respectively) and with velocity of circumferential shortening (r = 0.90 
and 0.80, respectively). Previous models of ventricular and myocardial 
mechanics that include computations of mid-wall longitudinal and cir- 
cumferential stress and strain do not appear to account for the large 
contribution of systolic wall thickening to the performance of the intact 
heart. Force-velocity relations as heretofore described may therefore be 
partial descriptors of myocardial function in the intact ventricle. 


Myocardial performance in the intact left ventricle has been evaluated 
in terms of extent and velocity of shortening with respect to wall forces 
or stresses in equatorial and meridional directions. More recently, the 
extent and velocity of wall thickening during ventricular systole have 
been shown to be reduced in myocardial disease. In this study left ven- 
tricular wall performance in man is examined with a consideration of 
each of these components, namely, the amount and rate of wall thick- 
ening as well as circumferential and meridional extent and velocity of 
shortening in relation to their respective wall forces. 

In experimental animals the extent and rate of left ventricular wall 
thickening during systole have been measured during hemodynamic 
manipulations including regional myocardial ischemia, pharmacologi- 
cally altered contractility and changes in preload or afterload. Haw- 
thorne! and Cothran et al.? found that thickening of the ventricular wall 
contributed significantly to the decrease in intraventricular.volume 
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during ejection; with isoproterenol there was a dispro- 
portionately larger increase in left ventricular wall 
thickness compared with changes in circumference 
during ejection. Mitchell et al.? showed that the amount 
of systolic wall thickening was greatly influenced by the 
Frank-Starling mechanism and by norepinephrine 
infusion. Using metallic markers on the ventricular 
endocardium, these investigators also demonstrated 
trabecular infolding of the endocardium into the ven- 
tricular cavity. This finding explains why apparent wall 
thickening measured directly on angiographic films may 
overestimate anatomic wall thickening. In addition, 
their data indicate that wall thickening and trabecular 
infolding play an important role in the dynamic geom- 
etry of ventricular ejection. Hugenholtz et al.4 and 
Rackley et al have developed a technique for accu- 
rately calculating wall thickness throughout systole 
based on end-diastolic wall thickness and assuming 
constant myocardial mass. Liedtke et al.? reported that 
the extent of left ventricular wall thickening in experi- 
mental animals increased with a fall in aortic pressure 
and decreased with a rise in aortic pressure, but was 
little affected by preload. Nitroglycerin markedly in- 
creased wall thickening, probably by reducing afterload. 
Leshin et al.’ found a linear, direct correlation between 
extent of wall thickening and ejection fraction during 
various types of anesthesia that depressed myocardial 
function. Heikkila et al.5 reported that the extent and 
rate of wall thickening sharply separated areas of re- 
gional myocardial dysfunction from normal areas and 
were more sensitive than changes in epicardial segment 
shortening regardless of whether cardiac function was 
depressed by ischemia or enchanced by isoproterenol. 
Goldstein and deJong? concluded that myocardial wall 
thickening was more sensitive than the first derivative 
of left ventricular pressure (dP/dt) or pressure-derived 
Vce (peak velocity of the contractile element) as a 
measure of local changes in myocardial function during 
regional ischemia. deJong and Goldstein!? found a di- 
rect quantitative correlation between localized changes 
in wall thickening and the severity of regional ischemia 
assessed by lactate production and inosine concentra- 
tion in the regional venous drainage of the myocardium 
affected. 

In man, left ventricular wall thickening has also been 
examined as a measure of myocardial dysfunction. 
Gault et al.!! reported that left ventricular wall thick- 
ness during systole increased by an average of 32 percent 
in six patients without and 23 percent in nine patients 
with left ventricular disease. Bunnell et al.!? found that 
three patients with reduced ejection fraction also had 
reduced wall thickening compared with findings in five 
normal subjects. Wall thickening was increased in four 
patients with outflow obstruction whose ejection frac- 
tion was greater than that of the normal group. Eber et 


al.,!? in three patients, observed greatly reduced systolic - 


wall thickening in localized areas of paradoxic expansion 
in the diseased left ventricle. Dumesnil et al.'* corre- 
lated the regional rate of wall thickening with localized 
areas of left ventricular hypokinesia, akinesia or dys- 
kinesie. The severity of abnormal wall dynamics cor- 
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in the electrocardiogram and with the anatomic severity 
and distribution of coronary artery disease observed in 
coronary arteriograms. Dodge et al. calculated that the 

displacement of intraventricular blood due to wall. 


of ventricular stroke volume in normal man. This per- 
cent was higher in patients with aortic stenosis because. 
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wall thickening during systole. 


in understanding ventricular dynamics during systole. 
This report describes a theoretical basis and approach 
for assessing the separate contributions of longitudinal 
shortening, circumferential shortening and wall thick- 
ening to the work and power of a midwall segment of the © 
left ventricle. The results from 122 patients with val- - 
vular, coronary or primary myocardial disease are pre- - 


sented and show the importance of wall thickening in- 


relation to circumferential and longitudinal components — 


of contraction. 
Methods 


Data from 122 patients undergoing diagnostic cardiac | 
catheterization for evaluation of cardiovascular disease at the — 
Veterans Administration Hospital in Seattle were analyzed. - 


- | 
à 
4 


After informed consent was obtained, patients were studied — 


in the supine position with use of local anesthesia. Left ven- 
tricular pressure recordings were obtained using carefully 


These previous studies suggest that ventricular - 
contraction that appears as systolic wall thickening 
plays an important but largely undefined role in the 
mechanical function of the intact ventricle. In partic- - 
ular, the relations between systolic wall thickening, the - 
directional components of contraction, the ejection . 
fraction and force-velocity measurements are of interest | 
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flushed no. 8F Gensini or 8.5F transseptal catheters. Three - 
types of solid state microdisplacement external pressure . 
transducers were utilized: the Kulite PSL 125-6, the Micron - 
MP-15 and the Microdot MS-5-S pressure transducers. On . 


occasion a Statham P23Gb strain gauge was employed. These - 


catheter manometer systems tested in vitro on a sine wave - 
pressure generator had uniform amplitude responses to 20 - 


hertz with resonant frequencies over 100 hertz.!6 


Left ventricular dimensions and volumes were determined — 
by the length-area method!” from biplane angiocardiographic — 
films using an Elema-Schonander film changer at a filming © 
rate of 12/sec. Left ventricular mass was determined from | 
end-diastolic biplane films as previously described.’ The 


method has been validated in this laboratory by comparison - 


with postmortem left ventricular weights.!? Left ventricular | 


wall thickness throughout systole was calculated from in- 


stantaneous anteroposterior and lateral internal radii and. 
end-diastolic ventricular mass assuming an ellipsoid model 
and constant ventricular mass during the heart cycle as pre- 
viously described.4> This procedure has been experimentally 
validated by Sanmarco and Davila.!? All dimensional data. 
were obtained from the first two or three cycles after injection 
of contrast medium so that the measurement of ventricular 
size or function would not be affected by the medium.?? — 

Left ventricular dimensions (length, radii in anteroposterior 
and lateral views, wall thickness) and pressures were digitized 


for computer processing on a Control Data Corporation 
computer, model 6400. Digitized pressures were high fre- 
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quency-limited by a digital low pass filter with a cutoff fre- 
quency of 30 hertz. Digitized volume data were filtered bya 
low pass digital filter that had linear attenuation from 3 hertz 
to a cutoff point of 6 hertz. These frequency limits for filtering 
dimension data were chosen to reduce methodologic random 
variations or “‘static” yet retain faithful wave forms of ven- 
tricular dimensions throughout the heart cycle. Fourier 
analysis of ventricular volume curves in this laboratory indi- 
cated that these frequency limits were optimal for obtaining 
accurate mathematically smooth volume and dimension 
curves for purposes of differentiation. Our results agree with 
those of Vayo,”! who also studied ventricular volume curves 
using Fourier analysis. All curves of pressure, ventricular di- 
mensions and volume during a heart cycle were filtered, re- 
generated by computer and derived variables calculated every 
_ 0.01 second. Brooks et al.?? described digital filtering of ven- 
- tricular volume curves obtained from angiograms; their de- 
tailed analysis and comparison with simultaneous velocity 
measurements with cathether instruments have documented 
the accuracy of computer-processed angiographic data. 

The pump power developed by the left ventricle has been 
__ used to describe the overall pump function of the ventricle in 
. man? but has not permitted assessment of the separate di- 
. rectional components contributing to ventricular pump power. 
- In this study equations for the power developed by a sample 
. element of left ventricular wall were derived based on wall 
_ stresses and rate of change in ventricular dimensions deter- 
| mined from left ventricular pressures and angiograms. These 
equations permitted calculations of the work and power 
_ generated by the sample element in longitudinal, circumfer- 
. ential and radial (due to wall thickening) directions. 
Calculations of ventricular wall element power: The 
` theory for calculating left ventricular wall element power re- 
. quires setting up reference coordinates with an origin at the 
. center of a 1 cm? element of myocardium located at the mid- 
. wall of the ventricle (Fig. 1). The contractile behavior of the 
. element is described in each direction by the velocity of con- 
- traction along the reference coordinates and by the wall stress 





FIGURE 1. Schema of the sample element and reference coordinates 
of the left ventricular wall. Wall stresses in meridional (c), equatorial 
(Te) and radial (c,) directions and velocities in meridional (Vm), equatorial 
(Ve) and radial (V,) directions are indicated. 
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developed on each face of the cube perpendicular to each 
coordinate. The work and power generated by the element of 
ventricular wall can therefore be analyzed in terms of merid- 
ional (longitudinal), equatorial (circumferential) and radial 
(wall thickening) components. Total elemental power is cal- 
culated as the sum of components generated at the faces of the 
cube where each component is the instantaneous product of 
stress and velocity normal to each face of the cube. _ 

The radial component in particular requires further con- 
sideration before proceeding. This component of element 
power arises because the wall thickens as circumferential 
shortening occurs. Because the wall thickens against left 
ventricular pressure, it generates power and work in the pro- 
cess of displacing ventricular contents. 

As an initial illustration of the significance of the radial 
component, consider the following hypothetical papillary 
muscle strip. With contraction it shortens a distance, Al, 
against a load, F, and does work of Al X F. In the process of 
shortening, the muscle thickens since total volume of the 
muscle strip remains constant. However, because this thick- 
ening is done freely without opposing side pressure, no energy 
is expended in thickening and no component of work is de- 
veloped in thickening as such. Now consider the muscle con- 
tracting the same distance against the same force in the 
presence of a side pressure or restriction applied to the pa- 
pillary muscle strip (imagine a segment of rubber tubing fit- 
ting snugly around the muscle). Thickening then requires 
energy, and the total work done by the muscle has two com- 
ponents: Al X F plus a component related to the product of 
pressure and thickening. In the intact ventricle each fiber faces 
an analogous situation. In addition to the tension exerted at 
the ends of the contracting fiber, the side pressure or in- 
tramyocardial tissue pressure requires that energy be ex- 
pended in order for the fiber, and hence the ventricular wall, 
to thicken. Thus, there is a component of work due to wall 
thickening that is not measured and accounted for by the 
longitudinal shortening and force. There is also a component 
of power, or rate of doing work, associated with this thicken- 
ing. 

Component of ventricular work due to wall thickening: 
Proof of this concept in the intact heart would require deter- 
mination of pump power of the ventricle and independent 
determination of each of the three directional components of 
element power, or rate of doing work. Pump power must then 
equal the sum of the three elemental components integrated 
throughout the wall volume of the ventricle. At present there 
are no reasonably simple technical methods or mathematical 
equations for accomplishing this task in a thick-walled ellip- 
soid model of the ventricle. However, mathematical proof may 
be demonstrated for a thick-walled cylinder as an illustration 
of the validity of the concept. The detailed equations pre- 
sented in the Appendix* show that the external pump power 
delivered to blood contained within the cylinder is exactly 
equal to the sum of the circumferential component (due to 
circumferential shortening) plus the radial component (due 
to wall thickening). Consideration of the circumferential 

component alone fails to account for all of the work and power 
developed on the contents of the cylinder. Thus, to obtain a 
complete description of performance of the wall element, it 
is necessary to consider the radial component separately and 
in addition to the circumferential component. It should be 
reiterated that the power of the sample element can easily be 
calculated for an ellipsoid of revolution; it is the proof of the 
separateness of the radial component that is difficult in an 


* Published with the reprints of this article and available from the 
author on request. . 
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ellipsoid and this proof has therefore been demonstrated for 
a thick-walled cylinder. — | 

Meridional, equatorial and radial components of work 
or power: For the cubic element at the mid-wall of the left 


ventricle, it was necessary to calculate three components of | 


work or power: meridional (longitudinal), equatorial (cir- 
cumferential) and radial (wall thickening). To compute these 
components, stresses and velocities in each of the three di- 
rections were determined as follows. 
| Meridional stress (om) and equatorial stress (ce) were 
computed as previously derived by Sandler and Dodge.” 
Stress in the radial direction (ø+) is directly related to the 
pressure within the wall against which myocardial fibers 
thicken, namely, intramyocardial tissue pressure. Since the 
cubic element is at the mid-wall between epicardium and 
endocardium, the radial stress is equal to mid-wall myocardial 
tissue pressure, previously shown to be approximately equal 
to intraventricular pressure.?5-?? Radial stress therefore equals 
left ventricular pressure. 

The three components of velocity were also derived in order 
to compute elemental power. In meridional and equatorial 
planes the velocities are computed from the respective mid- 
wall circumferential shortening velocities. The normalized 
meridional (vm) and equatorial (ve) velocities are given by the 
equations: 


y= 1 dem 
mo Cp, at 
ee BUE 
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where Cm and C, are elliptical circumferences in meridional 
and equatorial planes, respectively. These circumferences 
were calculated by the equation: 





where A and B are, respectively, the major and minor axes of 
each ellipse and h is the wall thickness. In the equatorial plane, 
A and B are the shortest and longest internal ventricular radii, 
determined from anteroposterior and lateral films by the 
length-area method. In the meridional plane, A is one half of 
the longest internal ventricular length from anteroposterior 
and lateral films; B is the root mean square of the internal 
minor radii according to the following equation: 


Rap? + Rud 
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The derivatives of C with respect to time were determined 
by computer by the method of central differences. In an 
analogous manner, normalized velocity in the radial direction 
is given by the equation: 


where h is left ventricular wall thickness. 

From the values of stress and shortening velocity in each 
of the three directions, instantaneous total elemental power 
(or per unit volume of element since the element was defined 
as 1 cm?) is given by the equation: 


Pwr = omVm + 9eVe + OrVr 


where each of the terms is described above. Values of average 
element power were determined by averaging instantaneous 
element power through systole and are presented in this re- 
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port. Stroke work of each element was determined by inte- 


grating instantaneous power over systole. 

Elemental power and work, wall stresses and shortening 
velocities were calculated from computer-smoothed, regen- 
erated pressure and dimension data obtained at every 10 msec 
interval throughout the heart cycle for each of 122 patients 
studied. 


Case Material | 
'T'he 122 patients in this study were grouped as follows: 


Group A: Twelve patients without heart disease. These | 
patients had normal coronary arteriograms and left ventric- ^ 


ular hemodynamics. 


Group B: Nineteen patients with coronary artery disease - 
by arteriography whose biplane ventricular angiograms re- 


vealed no localized or segmental dysfunction. 


Group C: Twenty patients with coronary artery disease by — 


arteriography whose biplane ventricular angiograms revealed 
localized areas of akinesia or dyskinesia. 


Group D: Fifteen patients with severe, usually three vessel, _ 
coronary artery disease and generalized hypokinesia of the left _ 
ventricle. Since it was difficult to distinguish between a dif- 
fusely hypokinetic ventricle and one with multiple dyskinetic . 


areas, patients with an ejection fraction of 26 percent or less 
were classified as having diffuse hypokinesia. - 


Group E: Nineteen patients with primary nonobstructive z 


myocardial disease. These patients had normal coronary ar- 


teries, increased ventricular mass and grossly abnormal left — 


ventricular hemodynamics. 


Groups F to I: Thirty-seven patients with cardiac valve | 
disease and various degrees of ventricular dysfunction. They 
were classified by type of lesion regardless of status of myo- - 
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cardial function as follows: F, aortic stenosis; G, aortic insuf- 
ficiency; H, mitral stenosis; I, mitral regurgitation. There were 
small numbers of patients in the groups with mitral valve — 


disease because patients in atrial fibrillation were excluded — 


from the analysis. 


Groups A, B, C, D and E, in that order, represent patients v 


with progressively severe, purely myocardial dysfunction and . 
were separable on the basis of coronary arteriographic findings 
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FIGURE 2. Normal patient. Time course during the cardiac cycle of | 
circumferential wall shortening and circumferential stress and their 


instantaneous product, equatorial element power. 
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and the presence of localized dyskinetic areas or diffuse hy- 
pokinesia of the left ventricle. These patients were grouped 
together to avoid the problem of assessing ventricular per- 
formance in the presence of cardiac valve malfunction. Groups 
F to I represent patients with chronic volume or pressure 
overload, or both, due to valve dysfunction and were classified 
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FIGURE 3. Same patient as in Figure 2. Time course during the cardiac 


.— cycle of equatorial, meridional and radial element power with their in- 


stantaneous sum, total element power. 


by type of lesion regardless of ventricular function to dem- 
onstrate the value of wall element analysis in the presence of 
valve disease. Patients were placed in these groups without 
knowledge of the values of stress, contraction velocities, ele- 
ment power or other measures of myocardial “contractili- 
ty." 


Results 


Equatorial wall stress and normalized velocity of 
equatorial shortening for a patient with normal coro- 
nary arteriograms and ventricular function are shown 
in Figure 2. The instantaneous product of the stress and 
velocity is equatorial wall element power; it peaks early 
in systole. Similar curves for meridional and radial el- 
ement power were added to the equatorial component 
to obtain total instantaneous wall element power 
throughout the heart cycle for the same patient (Fig. 
3). 

The mean values and standard deviations of selected 
quantitative angiographic data are given in Table I. 
End-diastolic volume and mass were increased in every 
group with heart disease. Stroke volume and work 
changed appropriately for myocardial or valve dys- 
function. The ratio of stroke work to left ventricular 
mass was a measure of work performed per gram of left 
ventricle. It deteriorated with diminished myocardial 
function and was normal in valve dysfunction with hy- 
pertrophy despite greatly elevated values for total 
stroke work. ` 

Table II shows the mean values of various measure- 
ments of ventricular function in each group of patients. 
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TABLE I 
Hemodynamic and Angiographic Data 
Group B 
CAD: Ab- Group D 
normal Cor- Group C CAD: Gen- Group F Group G Group H Group | 
Group A onary Ar- CAD: Local eral Hypo- Group E Aortic Aortic Mitral Mitral Re- 
Normal teries Only Dyskinesia kinesia Severe PMD Stenosis Regurgitation Stenosis gurgitation 
(no. = 12) (no. = 19) (no. = 20) (no. = 15) (no. = 19) (no. = 12) (no. = 16) (no. = 6) (no. = 3) 
ED volume index 72+ 16 78 * 16 98 + 33 150 + 31 163 + 28 97 * 19 189 + 46 105 + 21 158 + 38 
(cc/m?) NS t-2.5 t - 7.8 t - 10.2 t-3.5 t=8.3 t= 3.7 t=6.4 
| P «0.02 P «0.001 P «0.001 P «0.005 P «0.001 P «0.005 P «0.001 
Stroke volume in- 42 + 11 40-48 37 * 10 29 - 7 3129 50+ 13 77.4 25 48 + 22 50+ 15 
dex (cc/m?) NS NS t - —3.6 t = —3.0 NS t=4.5 NS NS 
P <0.005 P «0.01 P «0.001 
Stroke work in- 56 * 13 59 + 16 52+ 13 32 * 11 35 * 11 97+ 39 110 + 31 64 * 37 61 * 16 
dex (g-m/m?) NS NS t - —5.3 t - —4.8 t=3.4 t=5.6 NS NS 
P «0.001 P «0.001 P «0.005 P «0.001 
LV mass index 93 * 19 108 + 20 117 + 30 159 + 49 185 + 36 186 + 71 210 + 58 114 + 20 240 * 131 
(g/m?) t=2.1 t=2.5 t=4.4 t=8.1 t= 4.4 t= 6.7 t= 2.1 t= 4.2 
P «0.05 P «0.02 P «0.001 P «0.001 P «0.001 P «0.001 P «0.05 P «0.005 
- Stroke work/LV 0.62+0.14 0.55* 0.17 0.46* 0.15 0.20 * 0.05 0.19 + 0.05 0,55* 0.19 0.56* 0.21 059+0.38 0.32+0.21 
mass (g-m/g) NS t= —3.0 t-—11.1 t-—122 NS NS NS t= —3.1 
P «0.01 P <0.001 P «0.001 P «0.01 
Peak equatorial 358 * 74 355 * 55 382 * 68- 416 + 100 387 + 63 384 * 96 458 + 113 413 + 101 324 * 94 
stress (g/cm?) NS NS NS NS NS t= 2.7 NS NS 
P <0.01 
Wall thickness 45:8 37+9 27+8 12+3 12+4 35+ 15 30 * 12 36 + 21 21+11 
change, (%) t= 2.2 t=6.2 t= 14.7 t- 14.9 NS t - 3.6 NS t-4.1 
ED to ES P «0.05 P «0.001 P «0.001 P «0.001 P <0.005 P «0.005 





Values shown are mean + 1 standard deviation with the significance or nonsignificance (NS) of each group compared with normal subjects by 
Student's t test.’ CAD = coronary artery disease; ED = end-diastolic; ES = end-systolic; index = per square meter body surface grea; LV = left 
ventricular; P = the probability that the observed difference from normal is due to chance alone; PMD = primary myocardial hypertrophic dis- 
ease; t = the test statistic of Student's t test. | 
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Ejection fraction sensitively discriminated between 
normal and abnormal subjects, and, its use yielded high 
t values. Table II also shows values for the normalized 
velocities of mid-wall shortening in equatorial and 
meridional directions, as well as velocity of wall thick- 
ening, here termed the radial velocity. Each of the three 
velocity components separated the normal from the 
abnormal groups, but the velocity of wall thickening was 
the most sensitive of the three variables. Its ability to 
separate normal patients from those with only abnormal 
coronary arteries (Group B) (P <0.05) was comparable 
with that of ejection fraction. 

The velocity of wall thickening during systole corre- 
lated closely with the ejection fraction (r = 0.92) (Fig. 


4). It also correlated with the velocity of circumferential 3.00 
shortening (r = 0.90) but not with values of equatorial = eu A 
wall stress (r = —0.09). Percent wall thickening during ü oe "E 
systole also correlated closely with ejection fraction (r -jes . 
= —0.95) and velocity of circumferential shortening (r 3 eere ^ 
= —0.80) (not illustrated). X 1.80 ent ug 
Table III gives the mean values of total average ele- N ETA MS 
ment power and of the components in each direction. w ab se 
The equatorial component was the largest. Values in the Se ee ee 
radial direction, resulting from wall thickening separate Q vs M us i 
from inward displacement due to circumferential 3 0.60 B ay 
shortening, comprised a major portion of total element i airs 
power. The meridional component due to longitudinal nr 
shortening was the smallest. ^ T ras a ^x UM 


'The relative contribution of each directional com- 
ponent as percent of total average element power is 
given in Table IV. Data shown were determined as the 


mean of the percent values for individual cases. The — 


equatorial component accounted for 45 percent of total | 


element power in normal subjects and increased to 55 
percent of the total (P <0.005) in patients with ven- 
tricular dilatation due to severe myocardial dysfunction. 
The radial component, due to wall thickening, ac- 


counted for 40 percent of the total in normal subjects — 


and decreased to 31 percent (P «0.001) in patients with 
dilated ventricles. The meridional component ac- 
counted for 14 percent of the total in normal and dilated 
ventricles. Thus, in normal subjects the radial compo- 


nent was almost as large as the equatorial component : 


EJECTION FRACTION, %. 


FIGURE 4. Correlation of ejection fraction with rate of wall thickening 
during left ventricular contraction. 


TABLE II 
Left Ventricular Function 
Group A Group B Group C Group D Group E Group F Group G Group H Group | 
Ejection fraction 58+ 6 52+8 40:8 19+4 20+6 53 * 15 41-* 11 45 * 16 33 * 13 
-—2.2 t= —6.9 = 19.3 t-—17.2 NS = —4.7 t= —2.4 -—49 
P «0.05 P «0.001 P «0.001 P «0.001 P. «0.001 P «0.05 P «0.001 . 
Peak shortening b 
velocity (cm/ 
sec-cm) 
Equatorial 0.98 + 0.16 0.87+0.24 0.74+0.18 0.38+0.10 0.37* 0.13 0.95+ 0.45 0.78+0.25 0.81+ 0.29 0.55+0.14 . 
NS t= —3. t-11.8 t=-11.5 NS P «0.05 NS t-—4.3 
P «0.001 P «0.001 P «0.001 P «0.005 
Meridional 0.73+0.19 0.64* 0.17 0.46: 0.17 0.224 0.10 0.20: 0.10 0.65* 0.31 0.43: 0.13 0.56* 0.29 0.45:+0.19 — 
NS t= —4.0 t = —9.0 t = —10.0 NS t-—4.9 NS t-—2323 - 
P «0.001 P «0.001 P «0.001 P «0.001 P «0.05 
Peak thickening — 1.814 0.29. 1.554 0.36. 1.28* 0.28. 0.63* 0.16. 0.60* 0.37. 1.54 * 0.67. 1.294 0.35. 1.484054 0.99 « O.41 
velocity (ra- t= —2.1 t= —5.1 t= —13.5 t = —14.6 NS t= —4.2 NS t = —4.1 
dial, LV wall) P «0.05 P «0.001 P «0.001 P «0.001 P «0.001 P «0.005 
(cm/sec-cm) : 
Maximal ejection 28+0.4 26406 22:04 1.1402 11403 28:131 21404  À22:06 18:04 
rate /EDV NS t= —3. t= —13.2 t= —13.4 NS t=-—4.4 t= —2.2 t-—3.8 
(cc/sec-cc) P «0.001 P «0.001 P «0.001 P «0.001 P «0.05 P «0.005 
Maximal external 4.1 € 0.8 4.2 * 1.1 3.3 * 0.8 1.4 + 0.4 1.4 + 0.5 £28 Ga E 171 3.2 € 0.9 2.4 * 0.6 
pump power/ NS t= 2.9 t = —12.0 t^ —11.9 t=2.3 NS NS t-—3.4 . 
EDV (g-cm/ P «0.01 P «0.001 P «0.001 P «0.05 P «0.005 
cm?-sec) 
Maximal dp/dt/P 63 + 24 56 + 34 53 + 33 29 + 14 26 * 10 38 * 12 40 +27 44 * 16 42 * 12 
(mm Hg/sec- NS NS t - —4.6 t= —6.0 t=-—3.2 t = —2.4 NS NS 
mmHg) P <0.001 P <0.001 P <0.005 P <0.05 
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See footnote to Table | for clinical diagnosis and number of patients in each group. 
EDV = end-diastolic volume; other abbreviations as in Table |. 
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‘TABLE IIl 


i — Directional Components of Average Element Power 
(g-cm/cm*-sec) 
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Meridional Equatorial Radial Total 
GroupA  49:-* 17 155 + 37 137 + 26 342 +72 
"^ GroupB 41+ 21 126 + 59 114 * 54 281 + 128 
NS NS NS NS 
GroupC 38+ 16 120 + 40 90 + 25 249 * 70 
NS P «0.02 t -—5.2 t= —3.6 
P «0.001 P «0.005 
Group D 18 * 11 MIt22 4148 131 * 27 
= —5.7 = —7.2 =—13.9 t= —10.5 
P «0.001 P «0.001 P «0.001 P «0.001 
Group E 16*8 59 + 20 36 * 12 111,533 
t -—7.3 = —9.4 = —15.0 t-—12.2 
u P «0.001 P «0.001 P «0.001 P «0.001 
= Group F 35 + 22 130 * 65 145 * 77 310 + 152 
NS NS . NS NS 
GroupG 48+ 23 176 + 60 120 + 41 344 +114 
NS NS NS NS 
Group H 50+ 31 174 + 89 119 + 51 342 * 164 
: NS NS NS NS 
Group ! 33 + 25 98 + 55 77+ 35 207 * 113 
NS -—2.2 t-—3.4 t= 2.6 
P «0.025 P «0.005 P «0.025 


See footnote to Table | for clinical diagnosis and number of pa- 
tients in each group. 


. and accounted for large part of total average element 
power. 

In dilated, diseased ventricles the contribution of wall 
thickening to total element power became less whereas 
the contribution due to circumferential shortening be- 
came greater. As indicated by the equations in the Ap- 
pendix, a relatively thick-walled small ventricle should 
theoretically have a larger radial component than a 
thin-walled, larger ventricle. Our data in man were 
consistent with this theoretical prediction. 

Total systolic element work ranged from 127 + 25 
- g-cm/cm? in normal subjects to 38 + 11 g-cm/cm? in 
. patients with primary myocardial disease (P «0.001) 
with £ values compared with normal that were the same 

. as for average element power. Values for the relative 
_ contribution of the directional components of element 
. work were also the same as for average element 
|». power. 

À As an example of wall element analysis, Figure 5 illustrates 
_ the directional components of systole before and after aortic 

_ valve replacement in a patient with aortic stenosis. All of the 
- directional components of element power were increased 
preoperatively, but particularly the radial component asso- 
ciated with wall thickening. Postoperatively, all component 
- values decreased toward normal with that for the radial 
component showing the greatest reduction. The changes in 
- wall stress, circumferential shortening velocity and wall 
thickening that explained these alterations in the power 
components are shown in Figure 6. Preoperatively, the velocity 
— of circumferential shortening (1.1 cm/sec-cm) and wall 
_ thickening (2.1 cm/sec-cm) were normal, but left ventricular 
- systolic pressure (230 mm Hg) and equatorial wall stress (473 
. g/cm?) were elevated above normal with a resulting increase 
in values of element power. One month after aortic valve re- 
placement, left ventricular systolic pressure was reduced (165 
. mm Hg) and wall stress was markedly reduced below normal 
.. (213 g/cm?). Associated with the reduction in pressure and 
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TABLE IV 


Relative Contribution of Each Directional Component 
to Average Element Power 





Percent of Total Average Element Power 





Radial Total 





Meridional Equatorial 
Group A 14* 2 45 * 5 40 * 5 100 
Group B 15+6 45+4 40 * 5 100 
NS NS NS 
Group C 15+5 48+6 37+4 100 
NS NS t= —2.7 
P «0.02 
Group D 14* 8 55 +10 3144 100 
NS t= 3.0 t= —5.7 
P «0.005 P «0.001 
Group E 14 * 7 53 +7 2953 100 
NS t - 3.3 t= —5.7 
P <0.005 P <0.001 
Group F 1244 42+ 6 46 * 5 100 
NS NS t-29 
P «0.01 
Group G 14 * 3 51+6 35 +5 100 
NS NS NS 
Group H 14:5 51+8 35+ 4 100 
NS NS NS 
Group | 15+3 47+7 39+8 100 
NS NS NS 





See footnote to Table | for clinical diagnosis and number of pa- 
tients in each group. 


stress was a marked increase in velocity of circumferential 
shortening (2.0 cm/sec-cm) and wall thickening (2.9 cm/sec- 
cm). Twenty-two months postoperatively these variables had 
returned to normal or near normal values. Changes in the 
ejection fraction postoperatively paralleled changes in cir- 
cumference and wall thickness. 


Discussion 


'This study describes the directional components of 
contraction in relation to wall thickening in the intact 
heart. In addition to mid-wall circumferential short- 
ening, substantial thickening of the ventricular wall 
occurred with ejection. There is displacement of blood 
by wall thickening separate from and in addition to that 
displaced by inward wall motion due to decreasing cir- 
cumference. This wall thickening is, in effect, a conse- 
quence of myocardial contraction that is expressed in 
a radial direction and generates components of work 
and power constituting forty percent of the total gen- 
erated by a unit element of ventricular wall. 

Extent of systolic wall shortening: methods of 
measurement: The relative importance of these radial 
components depends upon the measurement of left 
ventricular wall thickness. The extent of wall thickening . 
during systole, expressed as percent increase over 
end-diastolic wall thickness, was 45 percent in normal 
subjects in our study and comparable with that pre- 
viously reported in man and in animals. For example, 
Hugenholtz et al.* reported systolic wall thickening of 
40 percent in 10 patients. Gault et al.!! found that left 
ventricular wall thickness increased by 32 percent in six 
normal patients. Eber et al.'? measured normal wall 
thickening of 70 to 197 percent in six normal patients. 
Lewis and Sandler?’ reported a mean systolic wall 
thickening of 53 percent in 24 patients (range of 15 to 
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FIGURE 5. Directional components of left ventricular wall element 
power before and after aortic valve replacement in a patient with aortic 
stenosis (78 mm Hg gradient). dev. — deviation; Post-op — postoper- 
ative; Pre-op — preoperative. 


175 percent depending on the type of heart disease and 
degree of ventricular impairment). Bunnell et al.!? de- 
scribed a systolic wall thickening of 58 percent in five 
normal patients. Dumesnil et al.!4 observed a mean wall 
thickening of 82 percent (range of 46 to 156 percent) in 
nine normal subjects. A similar range of normal values 
has been reported in experimental animals as follows: 
Heikkila et al.,8 32 percent; Bove and Lynch,?? 43 per- 
cent; Leshin et al.,7 44 percent; Liedtke et al.,° 35 per- 
cent; Mitchell et al.,? 35 to 45 percent. 

However, there is disagreement on the extent of wall 
thickening in experimental animals. Systolic wall 
thickening of only 10 to 15 percent has been reported 
by several groups??1-?? using plunge-through measuring 
devices or endocardial markers. Mitchell et al.? provided 
an explanation for these differences by studying the 
motion of metallic markers attached to the endocar- 
dium in experimental animals. During systole these 
endocardial markers became buried within the ven- 
tricular wall at some distance from the ventricular 
cavity outlined simultaneously by contrast medium. 
These observations indicate that two different processes 
account for total wall thickening during systole as 
measured directly on angiographic films. The first is 
anatomic thickening of the wall as the ventricle becomes 
smaller during contraction due to incompressibility of 
myocardium. 'The second process is infolding of the 
trabeculae carnae during systole, which acts to displace 
blood from the ventricular cavity. Direct measurements 
using metallic markers or plunge-through devices at- 
tached to the endocardium do not account for or may 
interfere locally with the infolding of the endocardium 
that normally results in displacement of blood and de- 
velopment of pressure. On the other hand, direct mea- 
surement of systolic wall thickening on angiographic 
film tends to overestimate wall thickening because of 
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FIGURE 6. Same patient as in Figure 5. Relations of element power 
(PWR), equatorial wall stress (c), velocity of circumferential shortening 
(ve), ventricular systolic pressure (P), velocity of wall thickening (v,) and 
ejection fraction (EF) before (Pre-op) and after (Post-op) aortic valve  . 
replacement. The thick arrows indicate marked changes from normal — 
values and thin arrows indicate smaller deviations from normal. N in- 
dicates normal or near normal values. 


endocardial infolding, which produces a “penumbra” - 
or partially opacified zone around the more dense image 
of the ventricular cavity on X-ray films. In man, direct 
measurements of normal systolic wall thickening on. 
angiographic films tend to average greater than 65 — 
percent,!?-14 although two studies yielded notable ex- 
ceptions of 321! and 58 percent, respectively.?? However, 
in the latter study the only patients included were those 
whose ventricular mass calculated from systolic films — 
was comparable with mass calculated from diastolic 
films, a selection having the same effect as the methods — 
of Hugenholtz et al.* and Rackley et al.° This problem — 
can be largely overcome by the method developed by the 
latter authors^? and used in our study in which wall - 
thickness during systole is calculated from end-diastolic 
wall thickness assuming constant myocardial mass. This — 
method has been validated in man by comparison with 
postmortem measurements of left ventricular mass! 
and in experimental animals.!? Thus, although there is _ 
conflicting published evidence, our results fall between — 
the overestimates due to measuring wall thickness di- - 
rectly on systolic films and the underestimates due to — 
endocardial markers that may not account for endo- - 
cardial infolding. i. 
Rate of wall thickening: The normalized rate of © 
wall thickening in our study was 1.81 cm/sec-cm in - 
normal subjects. This value is comparable with the 1.96 : 
lengths/sec reported in experimental animals by — 
Heikkila et al.5 Dumesnil et al.!^ also measured rate of © 
wall thickening but did not normalize their values for 
differences in wall thickness or ventricular size. Their | 
results therefore cannot be compared with ours. 
Radial components of element work or power: 
The relative importance of the radial components of 
element work or power compared with the circumfer- 
ential components depends not only on ventricular wall 
thickening but also on where the velocity of circum- . 
ferential shortening is determined. Velocity of cir- . 
cumferential shortening at the endocardial surface by 
definition includes the effects of wall thickening, in 
which case the radial and circumferentaitial compo- 
nents cannot be separately analyzed. However, the ve- - 
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. locity of circumferential shortening at mid-wall between 
. the epicardium and endocardium does not include the 
. effects of wall thickening, as proved mathematically in 


the Appendix. Therefore, in this study mid-wall velocity 
of circumferential shortening was determined in 
equatorial and meridional directions to evaluate the 
relative importance of radial and circumferential 
components of element work and power. 

Clinical importance of components of element 


-~ power: The equatorial component accounted for 45 


percent of total element power in normal subjects and 


. increased to 55 percent (P <0.005) in patients with a 


I 


severely diseased, dilated ventricle. The radial compo- 


. nent of element power due to wall thickening accounted 
.— for 40 percent of the total in normal subjects; in contrast 


to the equatorial component it decreased to 31 percent 
(P «0.001) in patients with a dilated heart. In patients 
with aortic stenosis the radial component accounted for 
46 percent of total element power, a modest but statis- 


__ tically significant larger percent than in normal subjects 
. (P «0.01). The results indicated that in subjects with 


a dilated heart the total power and work due to wall 
thickening was proportionately reduced to a greater 
extent than total element power. Thus, the relative 


. contribution of the directional components to total el- 


ement power varied with the type of heart disease as 
well as its severity. 
The meridional component constituted 14 percent 


. of total element power. This proportion was the same 


— in normal subjects as in patients with ventricular dila- 
— tation. The small meridional contribution to total ele- 
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ment power and work was consistent with previous 
observations that the left ventricle empties primarily 
by inward motion of the lateral walls with relatively 


. little change in base to apex dimensions in animals!?4 


and in man.!!?? [n disease states the absolute values of 
meridional element power were reduced but the relative 


_ contribution, or percent of the total, was not signifi- 


SHORTENING VELOCITY 





CONTRACTILE FORCE OR STRESS 
FIGURE 7. Relation of the highest force-velocity curve during a con- 
traction to element power and changes in myocardial ‘‘contractility.”’ 


_ The shaded area indicates graphically the product of force and velocity 


at a point on the curve. With an increase in contractility, the curve 


.. moves upward and rightward as indicated by the arrows. Element power 
». then increases as shown by the larger shaded area. With a decrease 
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in contractility, the curve moves toward the origin and element power 
correspondingly decreases (not shown). 
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cantiy decreased. Gault et al.!! also reported a reduction 
in the extent of longitudinal shortening in diseased 
ventricles. 

Relation to myocardial force-velocity relations: 
Element power reflects the combined capacity of the 
myocardium to shorten and to generate force. Levine 
and Britman* have described an inverse linear relation 
between force developed and the rate of circumferential 
“fiber” shortening at peak force in the intact heart. Ross 
et al.?9 have also demonstrated an inverse relation be- 
tween tension and velocity of shortening at isovolumic 
points in the canine left ventricle, as well as the shift in 
this relation with changes in contractility. 


A schema illustrating force-velocity relations is shown in 
Figure 7. As the activation level increases during each systole, 
the force-velocity relation shifts upward and rightward to the 
highest curve characterizing that contraction. As the activa- 
tion level falls during late systole, the force-velocity relation 
returns toward the origin. An increase in “contractility” is 
characterized by a further upward and rightward shift of the 
highest force velocity curve of a contraction. A decrease in 
contractility is characterized by a downward and leftward shift 
of the highest curve of a contraction. Peak element power is 
the product of stress (force) and velocity at any point on the 
highest force-velocity curve of a contraction, indicated by the 
shaded area of Figure 7. It increased with a rightward and 
upward shift in the force-velocity curve and decreased with 
a leftward and downward shift in the curve. Average element 
power as presented in this study refers to the average shift of 
the force-velocity curve during systole. Thus, element power 
may be viewed in terms of myocardial force-velocity rela- 
tionships but also provides quantification of the directional 
components of ventricular function. 


Relation to wall stress values: Stress values cal- 
culated by the equation of Sandler and Dodge”‘ used in 
this study were 5 to 10 percent higher than the values 
reported by others.?7-?? Consequently, values of the 
equatorial or circumferential component of element 
power were also higher using the Sandler and Dodge 


equations than they would have been using other stress - 


equations. Values of the radial component of element 
power were therefore proportionately lower using the 
stress equations of Sandler and Dodge. Thus, the pro- 
portional contribution of radial element power and the 
relative importance of wall thickening to ventricular 


function were conservative underestimates in this study. 


With other stress equations the relative contribution 
of wall thickening would be even larger than the 40 
percent we have reported. 

Power and work distribution in ventricle: Values 
of external pump power divided by ventricular mass did 
not equal values of unit element power since the latter 
were specifically in reference to mid-wall elements in 
equatorial and meridional planes containing the radii 
of the ventricle. Elements of the wall closer to the apex 
or base of the heart might not generate the same amount 
of power and work as at the equator. Since the power 
and work distribution of elements throughout the whole 
ventricle was not quantitatively known, total external 
power and work of the ventricle would not be deter- 
mined by integrating element equations thróughout the 
wall of the ventricle. . 
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Clinical implications: Wall element analysis per- 
mitted quantification of the effects of wall thickening 
separate from the equatorial and meridional directional 
contributions to ventricular performance in the intact 
heart. It also provided sensitive separation of normal 
and abnormal ventricles. Although analysis of wall el- 
ement power is complex and, from a practical stand- 
point, requires computer facilities, it is useful for un- 
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Cardiac and renal hemodynamics and cardiopulmonary and total blood 
volume were determined in 202 men, 101 with normotension and 101 of 
the same age with chronic essential hypertension, normal renal function 
and balanced sodium intake and urinary output. Cardiac output was 
identical in the two groups, whereas blood pressure and total peripheral 
resistance were significantly different. The two groups exhibited strong 
differences in the correlation study: (1) Correlations of blood pressure 
with, respectively, heart rate, cardiopulmonary blood volume and total 
blood volume were significant in the normotensive group but not in the 
hypertensive group. (2) Correlations of cardiac output with, respectively, 
heart rate, cardiopulmonary blood volume and total blood volume were 
significant in both groups. (3) Correlations of renal blood flow with, re- 
spectively, cardiac output, blood pressure and total blood volume were 
significant in the hypertensive group but not in the normotensive 
group. 

This study provides evidence that: (1) the volume and neural control 
of blood pressure are disrupted in hypertension whereas control of cardiac 
output is maintained; and (2) adaptive mechanisms involving renal 
function are necessary to the maintenance of normal cardiac output in 
patients with essential hypertension. 


Since total peripheral resistance has not been directly measured, the 
respective roles of cardiac output and resistance in the mechanism of 
hypertension have remained controversial. In most types of hyperten- 
sion, total peripheral resistance is greatly increased whereas cardiac 
output is nearly normal. These findings have usually been thought to 
indicate that hypertension is caused by some primary factor that in- 
creases resistance without changing cardiac output. More recently, on 
the basis of animal experiments and computer analysis,!-? it has been 
shown that a primary increase in cardiac output can cause increased total 
peripheral resistance and therefore increased blood pressure. This theory 
assumes that the maintenance of a normal cardiac output in established 
hypertension requires important adaptive mechanisms in the systemic 
circulation.^ 

That regulation of arterial pressure is an essential ingredient in reg- 
ulation of cardiac output is easy to demonstrate in animal experiments 
in which precise time-dependent relations of hemodynamic variables 
can be determined and compared. However, such data are difficult to 
establish in man. Clinical hemodynamic studies are performed either 
in the steady state or in unstable conditions involving only short-term 
control of blood pressure. Therefore, the mechanism of the normal 
cardiac output in essential hypertension is still unknown. The purpose 
of this study was to investigate the adaptive mechanisms that explain 
(or are related to) the normal cardiac output in patients with chronic 
essential hypertension. d 
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Material and Methods 


Selection of subjects: The study group was composed of 
202 men, 101 with normal blood pressure and 101 with hy- 
pertension. All subjects were 20 to 40 years old (mean +1 
standard error of the mean 28.5 + 1 years). The patients were 
untreated or had discontinued treatment at least 4 weeks 
before the study. They were hospitalized for 6 days and given 
a 110 mEq/day sodium diet. During hospitalization, on the 
basis of weight, sodium intake and urinary output, sodium 
balance was considered to be in the steady state. Extensive 
investigations included determination of serum and urinary 
electrolytes, catecholamines and endogenous creatinine 
clearance levels and timed intravenous urography with 
wash-out test or renal arteriography, or both. The 101 hy- 
pertensive patients were diagnosed as having essential hy- 
pertension. None had renal, cardiac or neurologic involve- 
ment. The mean endogenous creatinine clearance of the 
overall population was 97 + 3 ml-min^ 1.73 m~ The proto- 
cols were approved by INSERM (Institut National de la Santé 
et dela Recherche Médicale). Informed consent was obtained 
from the patients after a detailed description of the proce- 
dure. 

Hemodynamic determinations: On the 3rd hospital day, 
hemodynamic studies were performed after the patients had 
fasted overnight. No premedication was administered. Under 
local procaine anesthesia, polyethylene catheters were in- 
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TABLE | 


Hemodynamic Characteristics of the Two Groups 
(mean + standard error of the mean) 





Hypertensive 
Group 


Normotensive 
Group 


Variable (101 patients) (101 patients) 
BP a SE a A E RES oat 
Age (yr) 28 * 1 29 * 1 
Weight (kg) 71381 75+ 1** 
Height (cm) 172+ 1 174+ 1 
SAP (mm Hg) 138 + 2 1G: 3" 5^ 
DAP (mm Hg) 76* 1 u 107 £ 22% 
MAP (mm Hg) 9742 132.4 2*** 
HR (beats/min) 26 t1 77 x1 
CO 
(ml/min) 7173 + 165 7166 * 157 
(ml/kg) 103 +2 97+3 
SV (ml/kg) 1.4+ 0.03 1.3 + 0.02 
TPR (arbitrary 990 + 23 1453 + 44*** 
unit * kg) 
TBV 
(ml) 5245 + 132 5355 + 127 
(ml/kg) 75 * 1 72 X 1** 
SE cas i ee ee ee RD RETR 
** = P <0.01; *** = P <0.001 (in comparison with values in nor- 


motensive group). 

CO = cardiac output; DAP = diastolic arterial pressure; HR = heart 
rate; MAP = mean arterial pressure; SAP = systolic arterial pressure; 
SV = stroke volume; TBV = total blood volume; TPR = total periph- 
eral resistance. 


Sv | TPR| Tev 


CY -0.14 p h CZ 0.07 
(j| -008 [295 Le o7 
0.19 d. 08 


-0.39 0. — 
-0.30 0.26 


1.05 | -0.00 


( Weight ) 


9.28] 0.09 0.41 | aoe 
10 E 0.58| 0.06. 


0.63 | -0.83 | 0.30 
0.74 |-0.80 | 0.39 
0.65 -0.46 | 0.37 
0.73 -0.27 | 0.39 


NORMALIZED DATA 


UNNORMALIZED DATA 





cardiac output; DAP = diastolic arterial pressure; HR = 
heart rate; MAP = mean arterial pressure; SAP = systolic 
arterial pressure; SV = stroke volume; TBV = total blood 
volume; TPR = total peripheral resistance. 
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TABLE II 


Correlations Between Cardiopulmonary Blood Volume and Renal Blood Flow With Other Variables in the Two Populations 


erate (b em ES ES SL REPE RASA Sh! PEE SRS 22 REST TAM 9 LI SS RRA AL EOE LUN DIOE SS a 8 Ta wn Tee MAREA S C 
: Cardiopulmonary Blood Volume (ml/kg) Renal Blood Flow (ml/min per kg) 





Normotensive Group Hypertensive Group 
(no. = 31) (no. = 
(mean value * SEM: (mean value * SEM: 


Normotensive Group Hypertensive Group 
(no. = 28) (no. = 33) 
(mean value + SEM: (mean value + SEM: 


Correlations With 14+ 1) 15+ 1) 26 * 1) 24 * 1) 

uci o BE EOS HP MP REDDERE E iS. rS TAS RE Cr SM rS "ii SUD HS MIROR oe TERN MF ERE! SSE OTS VE ee Re FCRC S nC ORO. 

| Age | 0.07 —0.20 0.07 —0.33* 
Weight —0.33 —0.15 —0.02 —0.15 
Height —0.18 0.16 0.00 0.20 
SAP 0.42* —0.26 —0.23 —0.24 
DAP 0.49** —0.35* —0.04 —0.41** 
MAP 0.48** —0.35* —0.10 —0.37** 
HR 0.15 0.06 0.12 0.06 
CO 0:67" ** 0.54** —0.11 0.50* ** 
SV 0.59** 0.40* —0.20 0.32* 
TPR —0.42* —0.54** 0.03 —0.56* ** 
TBV 0.32 0.32 0.00 0.39** 





* P «0.005; ** P «0.01; *** P <0.001 in comparison with values in the normotensive group. Abbreviations as in Table |. 


SEM = standard error of the mean; other abbreviations as in Table |. 


Ke troduced into the right brachial artery and median antecubital 


vein and under fluoroscopic control were advanced, respec- 
tively, into the aortic arch and the main pulmonary artery. 
The arterial catheter was then placed in the aortic root im- 
mediately distal to the aortic valves for intraarterial pressure 
measurements, and blood pressure, cardiac output and car- 
diopulmonary blood volume were measured as previously 
described elsewhere.? Total peripheral resistance (TPR) was 
calculated according to the formula: TPR (arbitrary unit) = 
MAP/CO X 1,000, where MAP is the mean arterial pressure 
and CO is cardiac output. Cardiopulmonary blood volume 
(CPBV) was expressed as the volume between the main pul- 
monary artery (PA) and the tip of the arterial catheter(Ar). 
It was calculated as follows: CPBV = CO x TTM, TTM being 
the mean transit time in seconds between the pulmonary ar- 


— tery and the catheter tip.9 Total blood volume was measured 
_ before the hemodynamic study by the isotope dilution 
- method, using radioiodinated albumin as previously de- 

scribed.96 Renal blood flow was estimated with the iodine-131 


hippuran clearance technique and determined with use of the 
single injection method and the one compartment mamillary 


. system model.’ Normalization of weight was used to express 


. blood flow, blood volume and stroke volume (see Appen- 


dix). 

Classification of patients: The main purpose of the study 
was to investigate control of cardiac output at different levels 
of blood pressure. Therefore, patients were classified into two 


. groups according to the level of blood pressure measured 


during the hemodynamic study on the 3rd hospital day. In the 
normotensive group (101 patients), diastolic blood pressure 
was 90 mm Hg or less and systolic pressure was 160 mm Hg 
or less. In the hypertensive group (101 patients), diastolic 
pressure was more than 90 mm Hg. 

Table I lists the main characteristics of the two groups. Age 
and cardiac output were identical in both groups; blood 
pressure and total peripheral resistance were significantly 
different. 

Statistical studies: Statistical calculations? were per- 


- formed for three purposes: (1) To point out the significant 


correlations between the main hemodynamic variables in the 
normotensive and hypertensive groups; (2) To compare the 
correlations between two given variables. The following three 
results were observed: (a) the correlation was significant in 
one group, but not in the other; (b) the correlation was sig- 
nificant in both groups, but at different levels; and (c) the 
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correlation was significant in both groups, at the same level. 
In the latter case, a regression analysis (Y = aX +b) was per- 
formed, and the values of a and b in the two groups were 
compared. (3) To interpret the results by constructing a sys- 
tematic presentation of factors that interfere directly or in- 
directly in the regulation of cardiac output. Some differences 
between the two groups were interpreted as an adaptive 
mechanism possibly related to the maintenance of a normal 
cardiac output in the hypertensive patients. 


Results 


Normalization for body weight was used in Figure 1 
and Tables I (right column) to III. 

Correlation coefficients (Figure 1 and Table ID): 
The results in Figure 1 can be summarized as follows. 
By comparison with findings in the normotensive group, 
the following occurred in the hypertensive group: 

1. These correlations were disrupted: (a) blood 
pressure (systolic, mean) with body weight; (b) blood 
pressure (systolic, diastolic, mean) with heart rate; (c) 
blood pressure (systolic) with cardiac output; (d) blood 
pressure (systolic, diastolic, mean) with blood volume; 
and (e) total peripheral resistance with heart rate. Table 
II showed similar results concerning the correlation 
between blood pressure and cardiopulmonary blood 
volume. 

2. These correlations appeared in the hypertensive 
group: (a) age with several hemodynamic variables 
(blood pressure and cardiac output, among others). 

3. These correlations were maintained: (a) cardiac 
output (or stroke volume) with blood volume (or body 
weight); (b) cardiac output (or stroke volume) with 
heart rate; and (c) total peripheral resistance with blood 
volume. 

Table II summarizes the data on renal blood flow. In 
the normotensive group, there was no correlation be- 
tween renal blood flow and the other hemodynamic 
variables. In contrast, in the hypertensive group, renal 
blood flow was correlated (1) negatively with blood 
pressure, and (2) positively with cardiac output and 
blood volume. . 
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Regression coefficients (Table III): To get further 
information on the correlations that were significant in 
both groups, a regression analysis was made. Table III 
shows that the regression coefficients of cardiac output 
versus weight, heart rate and blood volume were similar 
in the two groups. In contrast, from the normotensive 
to the hypertensive group, the volume-resistance re- 
gression curve had two characteristics: (1) it was reset 
to the right, and (2) the slope was significantly more 
shallow. 


Comments 


Despite the large differences in blood pressure levels, 
the normotensive and hypertensive groups had the same 
cardiac output. These were striking differences in the 
correlations between hemodynamic variables: (1) Cor- 
relations with age existed in the hypertensive group but 
not in the normotensive group; (2) correlations with 
blood pressure existed in the normotensive group but 
not in the hypertensive group; and (3) correlations with 
cardiac output were maintained in both groups. Age is 
a well known factor in hypertension. Therefore, points 
(2) and (3) are the main subjects of our comments. 

Control of cardiac output in the normotensive 
group: As shown in Figure 2, the correlations of cardiac 
output with heart rate, cardiopulmonary and total blood 
volume are indications of neural and volume control of 
cardiac output? However, our study points to subtle 
interrelations between cardiac output and blood pres- 
sure in normal conditions. 

Sympathetic activity interferes with regulation of 
both blood pressure and cardiac output, as demon- 
strated by the previously described correlation between 
heart rate and blood pressure.!? Additional evidence 
was provided in this study by the direct correlation 
between cardiopulmonary blood volume and blood 
pressure. More important is the volume control, which 
has been studied by the pressure-volume (or resis- 


Normotensive 


CPBV 


F oe JN 
"ATBV NS “TBV 


FIGURE 2. Control of cardiac output in 
the normotensive and hypertensive 
groups. CO = cardiac output; CPBV = 
cardiopulmonary blood volume; DAP = 
diastolic arterial pressure; HR = heart 
rate; RBF = renal blood flow; TBV = 
total blood volume. Solid line indicates 
a positive correlation; dashed line a 
negative correlation; wavy line a dis- 
rupted correlation. 


group 





EA P a A EXAM ES IA 
DUU-T Wit ZAS L < 
b x ays 


tance-volume) relation.!! This correlation demonstrates 
the existence of a volume-pressure adaptive mecha- 
nism.” When blood pressure increases, volume de- 
creases, and this factor contributes to maintenance of 
pressure within normal ranges. Such results reflect the 
long-term pressure-body fluid control mechanism de- 
scribed by Guyton and Coleman. The increase in 
pressure causes the kidney to excrete more water and 
salt, thus decreasing blood volume, cardiac output and, 
in turn, total peripheral resistance, and finally causing 
a decrease in pressure level. 

Disrupted relations in the hypertensive group 
(Fig. 2): The correlations between volume and neural 
control of cardiac output were maintained in the hy- 
pertensive group. In contrast, the interrelations between 
cardiac output and blood pressure were disrupted. No 
correlation existed between heart rate and blood pres- 
sure. In addition, the correlation between blood pressure 


TABLE IlI 


Regression Data in the Two Groups 


b Value + 
a Value + Standard 
r Standard Error Error up 

Y X Group Value up to 5%t to 5%t 
CO Weight N —0.39 —0.81 + 0.38 160 + 27 
H —0.34 —0.75 + 0.42 153 + 31 
CO HR N 0.51 0.87 + 0.29 36+ 22 
H 0.34 0.63 + 0.34 48 + 27 
CO TBV N 0.30 0.57 + 0.35 60 + 27 
H 0.39 1.07 + 0.51 20 + 37 

TBV TPR N 0.46 —0.02 + 0.008 9749 

H 0.27 —0.005 + 0.004* 80+6 

* P «0.05. 


According to Student's table. 


H = hypertensive group (no. = 101); N = normotensive group (no. 


= 101); Y = aX +b regression line; other abbreviations as in Table |. 


Hypertensive group 
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>B Ais the determinant of B. 
A*———»B The determinant factor is 


—-— unknown and can be a 


3'4d factor. 
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and cardiopulmonary blood volume was negative. These 
observations agree with the reduced neurogenic activity 
previously emphasized in chronic essential hyperten- 
sion.! 

The most significant finding was the loss of the 
pressure (or resistance)-volume relation that contrib- 
uted to the control of cardiac output in the normoten- 
sive group. The volume-resistance relation of hyper- 


tensive patients had two characteristics: (1) The curve 


was reset, so that, at each level of resistance, the blood 
volume was greater in hypertensive than in normoten- 
sive subjects; and (2) the slope was significantly de- 


. creased, indicating a reduced ability of the system to 
_ decrease the volume per unit of rise in resistance. Such 
. a curve was described in patients with a steady state 


sodium balance. Therefore, the blood volume was suf- 
ficient to maintain the steady state of sodium balance 


and the normal cardiac output, but was too great to 
allow the pressure to return to normal values. The 

maintenance of such blood volume implied the existence 
- of an underlying renal mechanism.!? 


Control of cardiac output in the hypertensive 
group (Fig. 2): That a renal mechanism is involved in 
the maintenance of the cardiac output level in hyper- 


_ tensive patients was demonstrated by the renal blood 





flow correlation study. In the normotensive group, renal 
blood flow was not correlated with any hemodynamic 
variable. This finding was in agreement with the classic 
concept of autoregulation of blood flow in the normal 
renal circulation. In contrast, hypertensive patients had 
direct correlations of renal blood flow with blood volume 
and cardiac output. These observations point to the loss 
of the blood flow autoregulation and, consequently, to 
a renal defect. The negative correlation between blood 
pressure and renal blood flow does not contradict this 
concept. Tobian et al.!4 have demonstrated that lack of 
autoregulation is essential to provide a normal rate of 
flow in hypertensive kidneys perfused at elevated levels 
of pressure. 

In conclusion, our study points to the role of a func- 
tional renal abnormality in the maintenance of the 
normal cardiac output level in patients with essential 
hypertension. 
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APPENDIX 


. The correlation coefficients (r values) could depend on the 
normalization procedure. Figure 1 summarizes the results 
- determined by using either unnormalized or weight-normal- 


— ized data. This figure suggests two comments: 


Comparison between unnormalized and weight-nor- 
malized data: In both cases, the r values were similar, except 
- for the pressure-volume relation; the correlation existed only 
_ for normalized blood volume. This finding could be explained 
by the strong correlation between unnormalized blood volume 


. and body weight. The negative pressure-volume relation be- 


te 
; 


came obvious only after elimination of the role of body weight. 
The pressure-volume relation existed also when data were 
normalized for body height.!! 
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Comparison between weight normalization and other 
types of normalization: Normalization for body weight, body 
surface area and height yielded similar r values. In addition, 
Figure 1 allowed an indirect comparison between the weight 
and the height normalization data: (1) The correlations of 
height with the unnormalized hemodynamic data (cardiac 
output, blood volume) were not observed after normalization 
for weight, and (2) several correlations such as the unnor- 
malized blood volume-cardiac output correlation existed even 
with a constant weight, but not with a constant height (partial 
correlation coefficient study). These results reflected the 
strong weight-height correlation and justified the normali- 


. zation for weight. 
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To provide 50 mEg. potassium... 


why burden 
your patient 
with as many 

as 8 slow-release 
tablets a day? 


just 2 tablets a day s 


KLYTE 


Each effervescent tablet in solution supplies 
25 mEq. potassium as bicarbonate and citrate 


e Two easy-to-take flavors 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. " 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 


754124 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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The 
First 





Since the first pacemaker (Siemens- 
Elema Fixed Rate Model) was 
implanted in 1958, our company has 
developed the most complete line of 
pacemakers in the world. Over 
60,000 Siemens-Elema pacemakers 
have been implanted to date. 


Our expanded production capability 
now enables us to deliver Siemens- 
Elema pacemakers throughout the 
United States. 


Our latest models are listed to the 
right. Call collect or write for 
descriptive literature. 
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SIEMENS-ELEMA 


Pacemakers 


First in Company Size 


The Siemens Company is the largest 
electro-medical company in the 
world. When the concept of 
implanting a pacemaker first evolved, 
we were able to assign a team of 
experienced medical electronic 
scientists to work on its development. 
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 Firsti in Experience First i in n Dependability | First i in \ Breadth ofL Line 

In Sweden, 1958, Drs. Ake Senning Since development of the-first pace- Despite our conservative testing 
and R. Elmqwist introduced the first maker and the unique Elema program, Siemens-Elema offers the 
implantable pacemaker—a product electrode, we have tested all new most complete line of pacemakers 
developed by Siemens-Elema. Since concepts repeatedly before and leads. We suggest you request 
then over 60,000 successful Siemens- introduction. As a result, Siemens- literature describing all models, so 
Elema implants have been made. Our Elema is the only major pacemaker you can select the one best for 
early and continuous pacemaker producer who has had no recalls each patient. 

research has placed us in a unique since 1967. 


position of technological leadership. 





CALL COLLECT OR WRITE FOR DESCRIPTIVE LITERATURE 


[] All pacemakers PHONE 
QRS-inhibited lithium pacemaker Model 207 (1.0 ms impulse) 

QRS-inhibited lithium pacemaker Model 217 (0.5 ms impulse) NAME 
QRS-inhibited lithium pacemaker Model 187 (0.75 ms impulse) 
QRS-inhibited Variopacemaker* Model 159 (1.0 ms impulse) 
QRS-inhibited Variopacemaker* Model 179B (0.5 ms impulse) 
“With patient threshold value measuring feature 
QRS-inhibited pacemaker Model 157 (1.0 ms impulse) 
QRS-inhibited pacemaker Model 177 (0.5 ms impulse) 
QRS-synchronous pacemaker Model 153E (1.0 ms impulse) 
Fixed-rate pacemaker Model 152C (1.0 ms impulse) 
Atrial-triggered pacemaker Model 155/156* * 

* *Model 156 has more sensitive P-wave amplifier 

External pacemaker Model 145 

Our Complete Selection of Endocardial and Myocardial Leads 
Our Unique Balloon Lead 


ADDRESS 


CITY 


STATE ZIP 


LEDEILPS-LEEJELEEBEI EL UOHFLTEFE 


Please call me for a demonstration. 


s SIE: iE NS-ELE :A 


Pacemaker Division « Elema-Schonander, Inc. « P.O. Box 128 * Elk Grove Village, Illinois 60007 * 312/640-6460 
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à 5-6 Years Usable Life- 
Smaller Size. 


b» 


| 
E Lithium Mercury 


. USABLE LIFE—5-6 YEARS USABLE LIFE—3 YEARS 


» 
b 


ere 


‘x 
|. THICKNESS—%” 17 mm THICKNESS—1” 25 mm 


- 
* 


- WEIGHT—100g WEIGHT—155g 
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Advantages: 


Siemens was one of the first to 
develop a lithium powered pace- 
maker with double the usable life 

of mercury models. While not the 
first to market one, our additional 
testing and research has produced a 
group of lithium pacemakers with 
significant advantages. 


The smooth, rounded contour and 
slender profile has proved very 
comfortable for the patient. 


The basic rate of 70 impulses per 
minute is maintained throughout the 
life of the pacemaker. The basic 
rate is not dependent upon battery 

| voltage and thus it does not decline 
during its useful lifetime. 


PHONE 
ADDRESS 


CITY 
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Two distinct cell depletion indicators 
are offered only in Siemens-Elema 
lithium pacemakers. A magnet test 
rate drops from 100 impulses per 
minute to 85 per minute indicating 
aging. A drop in basic rate from 70 to 
60 impulses per minute makes the 
patient aware of need for replace- 
ment prior to a 3-month safety 
period. These tests are especially 
important in pacemakers with 5 to 12 
years usable life. 


QRS-inhibited Model 207 has an 
impulse duration of 1.0 ms and 
Model 217 has an impulse duration 
of 0.5 ms. While somewhat more 
expensive than mercury pacemakers, 
the cost per year of usable life is 
25-30% less. These two 6-year 
lithium pacemakers are 33% thinner 
and lighter than mercury models 
offering 3 years usable life. Patient 
comfort is increased, incidence of 
irritation and perforation is 
significantly reduced. 


Our Model 187 lithium pacemaker 
(.75 ms impulse duration) offers up to 
12 years usable life. This model also 
is only ¥%” (17 mm) thick, while 
overall volume and weight is similar 
to a 3 year mercury pacemaker. 


NAME 


STATE 


| Other Features: 


Stable electrical parameters 
throughout the pacemaker's life. 
Practically insensitive to interference. 
For extra safety, the pacemaker 
switches from the inhibited mode in 
the event of unusually strong fields of 
interference. 


Defibrillation-proof. 
Run-away protection. 


Pacemaker housing is hermetically- 
sealed titanium; the lithium-iodide 
cell is also hermetically sealed for 
greatest reliability. Pulse amplitude 
decreases only 0.8V from beginning 
to end of estimated pacemaker life. 





CALL COLLECT FOR A LITHIUM PACEMAKER DEMONSTRATION OR WRITE FOR LITERATURE. 


[] Please call for an appointment to demonstrate Siemens-Elema lithium pacemakers. 
[] Please send literature describing Models 187, 207 and 217. 


ZIP 


SIEMENS-ELEMA 


Pacemaker Division « Elema-Schonander, Inc. + Box 128 * Elk Grove Village, Illinois 60007 * 312/640-6460 
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When choosing a 
diuretic for 

. day-in-day-out 

hyp ertension control 

with comfortable 

compliance... 








The problem of maintaining antihypertensive control 
rises anew with each dawn. 


That is why the agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectiveness, (2) patient comfort and compliance. 


Zaroxolyn offers both. 


In one long-term study? Zaroxolyn brought moderately 
elevated (average 161/109 mm Hg) blood pressure 
down to the range of normotension—and held it there 
for a year or more. 


The investigator noted, “Patient cooperation was 
surprisingly good for a study of such duration 

[2% years]. The once-daily dosage schedule with 
metolazone [ Zaroxolyn] no doubt contributed to patient 
compliance? 


And overall patient compliance with Zaroxolyn is 
good— very good. An analysis of controlled clinical 
studies involving 188 Zaroxolyn patients showed that 
only eight discontinued therapy because of side effects. 
That's a discontinuation rate of only 4.3%. Broader 
clinical experience appears to substantiate this low rate 
of discontinuance? 


Zaroxolyn. For long-term control and comfortable 
compliance in mild to moderate essential hypertension. 





MAIOXOLV! meoez Pennwalt) 


once -daily antihypertensive-diuretic 


Please see next page for prescribing information. 
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Prescribing Information 


F 

K INDICATIONS: ZAROXOLYN (Metolazone) is indicated 
L7 for the treatment of edema accompanying congestive 

- . heart failure and renal disease, and to reduce blood 
pressure in the management of mild to moderate 

^X essential hypertension. 


CONTRAINDICATIONS: Anuria, Hepatic coma or 
pre-coma; Allergy or hypersensitivity to ZAROXOLYN. 
The routine use of diuretics in an otherwise healthy 
pregnant woman, with or without mild edema, is 
contraindicated and possibly hazardous. 


_ WARNINGS: While not reported to date, cross- 
.. allergy theoretically may occur when ZAROXOLYN is 
Ai given to patients known to be allergic to sulfonamide- 
è derived drugs, thiazides, or quinethazone. 
P «. Hypokalemia may occur, with consequent weakness, 
he cramps, and cardiac dysrhythmias. It is a particular 
- hazard in digitalized patients; dangerous or fatal 
~ arrh a arrhythmias may be precipitated. 
^ Azotemia and hyperuricemia may be noted or 
` precipitated during the administration of ZAROXOLYN. 
] -Infrequently, gouty attacks have been reported in persons 
— with history of gout. Discontinue ZAROXOLYN if azotemia 
`. and oliguria worsen during treatment of patients 
-~ with severe renal disease. 
i Presently, ZAROXOLYN is not recommended for 
E pediatric patients. 
R ZAROXOLYN will, on occasion, exhibit considerable 
potentiation when administered concurrently with 
_  furoseñide. Excessive, massive volume and electrolyte 
E “depletion may result. Exert care, especially during 
7 initial therapy, when using ZAROXOLYN with other 
antihypertensives. Dosage of other antihypertensive 
a: _ agents, especially the ganglionic blockers, 
- . should be reduced. 
~ Use of ZAROXOLYN with a potassium-sparing 
_ diuretic may potentiate diuresis; dosage should be 
-. reduced. Potassium retention and hyperkalemia may result; 
_ serum potassium should be determined frequently. 
_ Potassium supplementation is contraindicated when a 
| , potassium-sparing diuretic is given. 
b USAGE IN PREGNANCY (See Contraindications): 
‘Since ZAROXOLYN crosses the placenta, and appears 
. jin the cord blood, its administration to women of child 
- bearing age requires that the potential benefits of the 
-. drug be weighed against its possible hazards to the 
| fetus. The potential effects on the fetus include fetal or 
neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in 
—. the adult. 


NURSING MOTHERS: ZAROXOLYN appears in 

- breast milk. Thus it is possible that the effects of 
- . ZAROXOLYN may occur in the newborn. If the use of 
_ ZAROXOLYN is deemed essential for a nursing mother, 
È _ the patient should stop nursing. 
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Zaroxoyn metolazone, Pennwalt) 


Effective,comfortable, 
acting antihyp ertensive 


therapy from a single daily dose. 


Qi)2^ mg 


Recommended Dosages Zaroxolyn” (metolazone) 
Mild to moderate essential hypertension 
Edema of cardiac failure 


Edema of renal disease 


PRECAUTIONS: Periodic assessment of serum 
electrolytes, blood urea nitrogen, uric acid, and 
glucose levels should be made at intervals 
during therapy. 

Patients receiving ZAROXOLYN therapy should be 
observed for clinical signs of fluid and/or electrolyte 
imbalance; namely, hyponatremia, hypochloremic 
alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly important when 
the patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence 
serum electrolytes. Warning signs, irrespective of cause, 
are: dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, 
muscular fatigue, hypotension, oliguria, tachycardia, and 
gastrointestinal disturbances such as nausea and 
vomiting. 

Serum potassium should be determined regularly, 
and potassium supplementation instituted as indicated. 
Hypokalemia will be more common in association with 
intensive or prolonged diuretic therapy, with concomi- 
tant steroid or ACTH therapy, and with inadequate 
electrolyte intake. 

While not reported to date for ZAROXOLYN, 
related diuretics have increased responsiveness to 
tubocurarine and decreased arterial responsiveness 
to norepinephrine. Accordingly, it may be advisable 
to discontinue ZAROXOLYN three days before 
elective surgery. 

Observe caution when administering ZAROXOLYN 
to hyperuricemic or gouty patients. ZAROXOLYN exerts 
minimal affects on glucose metabolism; insulin require- 
ments may be affected in diabetics, and hyperglycemia 
and glycosuria may occur in patients with 
latent diabetes. 

Chloride deficit and hypochloremic alkalosis 
may occur. In patients with severe edema accom- 
panying cardiac failure or renal disease, a low-salt 
syndrome may be produced; hot weather and a low- 
salt diet will contribute. 

Observe caution when administering ZAROXOLYN 
to patients with severely impaired renal function. 

As most of the drug is excreted by the renal route, 
cumulative effects may be seen in this circumstance. 

Orthostatic hypotension may occur; this may be 
potentiated by alcohol, barbiturates, narcotics, or 
concurrent therapy with other antihypertensive drugs. 

While not reported for ZAROXOLYN, use of other 
diuretics has been associated on rare occasions with 
pathological changes in the parathyroid glands, with 
hypercalcemia and hypophosphatemia. 

ADVERSE REACTIONS: Gastrointestinal reactions: 
Constipation, nausea, vomiting, anorexia, diarrhea, 
bloating, epigastric distress, intrahepatic cholestatic 
jaundice, hepatitis. Central nervous system reactions: 


5 (5) mg 


10 mg (0) 





2V5 to 5 mg once daily 





5 to 10 mg once daily 





5 to 20 mg once daily 





NOTE: The daily dosage depends on the severity of each patient's condition, his sodium intake, and his responsiveness. 
Therefore, dosage adjustment is usually necessary during the course of therapy. 


syncope, dizziness, drowsiness, vertigo, headache. 
Cardiovascular reactions: orthostatic hypotension, 
excessive volume depietion, hemoconcentration, venous 
thrombosis, palpitation and chest pain. Hematologic: 
leukopenia, Dermatologic-hypersensitivity: urticaria and 
other skin rashes. Other reactions: dryness of mouth, 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyperglycemia, 
glycosuria, raised BUN or creatinine; fatigue, muscle 
cramps or spasm, weakness, restlessness, chills and 
acute gouty attacks. 

Adverse reactions which occur with other diuretics, 
but have not been reported to date for ZAROXOLYN 
include: pancreatitis, paresthesias, xanthopsia, 
agranulocytosis, thrombocytopenia, aplastic anemia, 
purpura, photosensitivity and necrotizing angiitis 
(cutaneous vasculitis). These reactions should be 
considered as possible occurrences with clinical 
usage of ZAROXOLYN. 

Whenever adverse reactions are moderate or severe, 
dosage should be reduced or therapy withdrawn. 


HOW SUPPLIED: Tablets, 2⁄2, 5 and 10 mg. 


References: 

1. Dornfeld L, Kane R: Metolazone in 
essential hypertension. The long- 
term clinical efficacy of a new 
diuretic. Curr Ther Res 18: 527-533, 
1975. 
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Pennwalt Prescription Products. 
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The Dyna-Gram? Scanner 
Simple to scan—on-screen- analysis of 
ECOG on large, eye- level, nonfade scope. 


Simple to save paper 
and money— you print 
out only events of interest 
on ready-to-mount 8- 
second strips. 


Simply very accurate— 
digital clock is synchronized 
to the cassette timing track 
for precise time/event 
correlation. 


Simple to operate— 
keyboard controls 
easily identified, 
separated by function. 


The Dyna-Gram? Recorder 
Simple to handle—cassette and power pack Eme 
(standard disposable batteries) snap right in. 
No troublesome tape reels. Records 12 

or 24 hours without changing sides. The Dyna-Gram® Patient Package 

Simple, disposable, complete— razor, 
alcohol prep, electrodes, hypoallergenic tape, 
cassette tape, patient diary, 


even a patient information booklet. 


Simple to wear—comfortable, compact, weighs 
just 2 pounds. 


Simple to keep accurate diary—quartz-crystal, al 
digital clock displays actual time recorded on tape. 


Simple isn’t it? 


Holter-Type Electrocardiography System by AO 


Want to know more? That's simple, too. 
Just fill in and mail this card. 


vc 


Gentlemen: 

i [_] Please phone for an [.] Please send more 

appointment to discuss the information on the Holter- 
! Holter-Type Type Electrocardiography : 
Electrocardiography System by AO. i 
| System by AO. ; 
i Name 
i 1 
i Title 
- Hospital i 
: City State Zip | : 
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eischmann’s 
is the margarine most 
ecommended by doctors! 





a recent survey, doctors w 
v 

nded polyunsaturated margarines "R8 died 

‘ir patients were asked which brand ^^ tero Lodo. "But scd 1H KAOT dietary. po | K 

jy chose. Twice as many doctors rec- — gram...along with lean meats. fewer. eggs, | 

mended Fleischmann's? Margarine ^ and skim milk...Fleischmann’s 100% i corn 


iny other brand. oil margarine can help lower your Pants 
And twice as many personally used ~ serum cholesterol levels. | 
ischmann’s, too. By as much ds- 1776 as shown i in char 
Fleischmann’s contains no cholesterol. ^ cal tests. 
s the only leading margarine made from And what's more, Fleischmann's tái 2.9] v 
)% corn oil. And corn oil 1s low in satu- ^. light, delicious taste. So compliance to the — 
ed fats, high in polyunsaturated fats. -` diet you prescribe becomes easier for your MI a AINE 
been shown to be unsurpassed among patients. im g 
retable oils for*actually reducing serum You see, like you, we believe an ounce contains LIQUID CORN Olt 
lesterol levels. - of prevention is worth a pound of cure, SES 


ling out? Ask fot Egg Beaters® and Fleischmann's Margarine at your favorite i restaurant. © Another fine product of Mandard Brands 
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; _ Tilting adelicate balance. 
Certain diuretics such as thiazides, furosemide, 

f and ethacrynic acid may remove potassium and the 

: resulting potassium deficit can rapidly trigger arrhythmias 
in the digitalized patient. Of course, potassium supplements 
should not be administered with any potassium- 

sparing diuretics such as spironolactone and triamterene. 
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NOW 


Kaon-CL 


(potassium chloride) 





20% 


Offers an economical, convenient 
therapeutic dose to correct hypokalemia 
or treat mild digitalis intoxication. 





CONVENIENT, ECONOMICAL DOSAGE 
m One tablespoon (15 ml.) 


provides 40 mEq. each of potas- | | 
sium and chloride...nearly twice | 
the potassium content of most 


single effervescent tablets or 
packets of powder. 













m Pleasant Cherry Flavor: M 
One tablespoon (15 ml.) mixed with | . 
six fluid ounces of water or other = 
liquid, few palatability problems are 
encountered. Kaon-CL 20% must 
be diluted before administration 


to avoid gastrointestinal irritation. 1X 


(See brief summary on following page for] 


SUBSIDIARY OF ROMM AND HAAS COMPANY 
COLUMBUS, OHIO 43215 


ecm BIN 
PHARMACEUTICALS INCORPORATED 


À 
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>D scription: Each 15 ml. m chloride) Sug pne PIE Ld COM ILI ERAS ASI EUER att Se NEUEN ARC E LOI e 
at mEq each of potassium and chloride (as potassium Tr R, B^ a i eS . * ù 
- chloride, 3 g) with saccharin and flavoring. Alcohol 5%. 
"Indications: Kaon-CL 20% is indicated for the treatment 
— of potassium depletion in patients with hypokalemia and 
' metabolic alkalosis, and for the treatment of digitalis in- 
- toxication. During therapy serum potassium levels should 
. be monitored and the dosage titrated to achieve the 
desired clinical and laboratory effects. Kaon-CL 20% is 
_ also indicated for the prevention of potassium depletion 
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when the dietary intake of potassium is inadequate for this 
_ purpose. The prophylactic administration of potassium ion For Clinical 
(m ay be indicated in patients receiving digitalis and Reference, 
diuretics for the treatment of congestive heart failure, T h 
th me patic cirrhosis with ascites, patients with hypertension eaching, 


on long-term diuretic therapy, hyperaldosteronism states 

M with normal renal function, the nephrotic syndrome, and Lectures. 
certain diarrheal states. 

 Contraindications: Potassium supplements are con- : 2: dH 
- traindicated in patients with hyperkalemia since a further Fit any 2"x2' 
increase in serum potassium concentration in such pa- : : 

di ients can produce cardiac arrest. Hyperkalemia may Viewer or Projector 
- complicate any of the following conditions: Chronic renal 
e systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe 
Ee. adrenal insufficiency, or the administration of a 
po ae sparing diuretic (e.g., spironolactone, triam- 


te ere 

; Ee Do not administer full strength. Kaon-CL 20% 

“will cause gastrointestinal irritation if administered un- 

di iluted. For details regarding adequate dilution, see ACTIVE COLLECTION SERIES 

Dosage and Administration. ^ 

og HA patients with impaired mechanisms for excreting 

om ine spt bony eee of possum salts can pro- D 2-1 ANGIOCARDIOGRAPHY IN CONGENITAL HEART DIS- 
duce yperkalemia and cardiac arrest. This occurs most 

cor monly in patients given potassium by the intravenous EASE 50 slides $20.00 

2 rally m Vid a UCCUT " patients given potassium by Charles T. Dotter, M.D. 

Á entially fata! hyperkalemia can develop rapidly 2 : 

à asymptomatic. The use of potassium salts in pa- O 2-2A ELECTROCARDIOGRAPHY (Part 1) 52 slides $20.00 
EL ients with chronic renal disease, or any other panon O 2-2B (Part 2) 48 slides $20.00 

"which impairs potassium excretion, requires particularly e . 

- careful monitoring of the serum potassium concentration O 2-2C AN APPROACH TO VECTORCARDIOGRAPHY 48 slides 
8 and appropriate dosage adjustment. $20.00 


EU ne reales Dy the concomitant D 2-3A PERIPHERAL VASCULAR DISEASES (Part 1) 62 color 





Bisraistratioh of potassium salts and a potassium-spar- 
cdm g e (e. 9: eus iei sb is triamterene) singe the slides $24.00 
simultaneous administration of these agents can produce S i 
sé Were hyperkalemia. D 2-3B (Part 2) 60 color slides $24.00 
Neo 3 Cibi. Peter ne naucad Sienotg and/ by Travis Winsor, M.D. 
‘or ulcerative lesions of the small bowel and deaths. These e y L 
le ens are caused by a high localized concentration of O 2-4 CIRCULATION OF THE LOWER EXTREMITY-ARTERIO 
"p Ea ion pee ein of a rapidly dissolving tablet, GRAM METHODS & FINDING IN ABNORMALITIES OF THE 
wi ich injures the wel wall and thereby produces i 
obstruction, hemorrhage, or perforation. LOWER EXTREMITIES 42 slides $20.00 


Cain d patiente with metabolic acidosis should by S. A. Morton, M.D. 
be treated with an alkalinizing potassium salt such as * 
pi potassium bicarbonate, potassium Citrate, potassium ace- O2 SA SPECIAL CARDIOVASCULAR X-RAY PROCEDURES 
tate, or potassium gluconate. 53 slides $20.00 
P recautions: The diagnosis of potassium depletion is or- by Edward A. Fitch, M.D 
dinarily made by demonstrating hypokalemia in a patient s EL-— 


with a clinical history suggesting some cause for D 2-6A ROENTGEN CARDIOLOGY OF ADULTS (Part 1) 47 
potassium depletion. In interpreting the serum potassium slides $20.00 
al ével. the physician should bear in mind that acute ; . 
alkalosis per se can produce hypokalemia in the absence O 2-6B (Part 2) 51 slides $20.00 
ar deficit in total ao potassium, while acute acidosis by William T. Meszaros, M.D. 
_ per se can increase the serum potassium concentration 
dr ito the normal range even in the presence of a reduced 0 2-7A PORTAL VENOUS SYSTEM-PRINCIPLES OF ROENT- 
. total body potassium. The treatment of potassium deple- GEN INTERPRETATION (Part 1) 32 slides $18.00 
= on, particularly in the presence of cardiac disease, renal 


«d isease, or acidosis, requires careful attention to acid- D 2-7B (Part 2) 36 slides $18.00 


pe : Ska are Bp at ee es ph! by F. F. Ruzicka, M.D 
fo) t t tat une A- 
F elect ey ee clinica) status O 2-8A DIRECT PERCUTANEOUS NON-CATHETER BRACHIAL 
| Adve se sg serves The y common adverse ex ANGIOGRAPHY (Part 1) 32 slides $18.00 
-tions to oral potassium salts are nausea, vomiting, a A 
-dominal discomfort and diarrhea. These symptoms are O 2-8B (Part 2) 42 slides $20.00 
. due to si al FY the [5 ane drea Ls and RE best by T. R. Marshall, M.D. 
anage ting t e t t t th 
A ELO iiis hó dose. Ne er C] 3-5A CONGENITAL CARDIOVASCULAR ANOMALIES IN 
The most severe adverse effects are hyperkalemia (see INFANTS & CHILDREN 51 slides $20.00 
D Contraindications, Warnings and Overdosage) and 
- gastrointestinal obstruction, bleeding or perforation (see by John W. Hope, M.D. 


A. lamings). D 3-5B PEDIATRIC ELECTROCARDIOGRAPHY 50 slides 


| dosage: The administration of oral potassium salts 
to persons with normal excretory mechanisms for $20.00 
p potassium rarely causes serious hyperkalemia. However, if by William J. Rashkind, M.D. 


excretory mechanisms are impaired or if potassium is ad- 
‘ministered too rapidly intravenously, potentially fatal hy- 


f erkalemia can result (see Contraindications and Warn- CHECK OFF SERIES DESIRED. 

ings). It is important to recognize that hyperkalemia is 

: E. ally asymptomatic and may be manifested only by an CLIP AND SEND WITH YOUR CHECK. 
in sed serum potassium concentration and charac- SATISFACTION GUARANTEED 


do stic electrocardiographic changes (peaking of T- 

gaves loss of P-wave, depression of S-T segment, and OR YOUR MONEY REFUNDED. 

prolongation of the QT interval). Late manifestations in- 

C erdia muscle-paralysis and cardiovascular collapse from 

ardiac arrest. l : 

Jem age and Administration: Dosage must be adjusted O ORDER DIRECT — For other series, ask for catalog G 
l e individual needs of each patient but is typically in 

y ninge of 20 mEq per day for the prevention of hy- 


Bpokalernia t 40-100 mE d for the tre t 
ment of SAA depletion.. Seay c i MEDICAL FILM SLIDE DIVISION 


_ One tablespoonful (15 mi) in six fluid ounces or more of ; ] 

E E: provides 40 meg of potassium chloride. "dd Micro X-Ray Recorder, Inc. 
ne tablespoonful twice a day in six or more flui 

unces of water or other liquid provides 80 mEq 3755 West Lawrence 


otassium chloride. | Chicago, Ill. 60625 312/478-8560 


: aution: Federal law prohibits dispensing without 
prescription. 


WARREN-TEED 


"PHARMACEUTICALS INCORPORATED 
5 SUBSIDIARY OF ROHM AND HAAS COMPANY 
| COLUMBUS, OHIO 43215 
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*INDICATIONS — Based on a review of this drug by the National Academy of 
Science-National Research Council and/or other information, FDA has classi- 
fied the indication as follows: 


"Possibly" effective: For long-term therapy of chronic angina pectoris. Pro- 
longed therapy may reduce the frequency or eliminate anginal episodes, 
improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
is not intended to abort the acute anginal attack. 






Final classification of the less-than-effective indications requires further 
investigation. 


CONTRAINDICATIONS — No specific contraindications are known. 


PRECAUTIONS - Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension. 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache, dizziness, nausea. flushing, 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms. 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg. 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy. 


For complete details, please see the full prescribing information. 
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Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, N.Y. 10523 


Illustrated: Knave of Hearts...from a series 
created in Rouen, France in the middle of the 
16th century. 


Only nine cards of this series survive, found 
intact in the binding of a 1544 edition of 
Dante. They were crafted in wood block 
and stencil colored. 


Deutsches Spielkartenmuseum, Leinfelden 
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What’s in the cards for the — 
anginal patient? a 
For centuries, dealing with the heart's ills has been 2 


us 
= 


the subtlest of arts, an intricate shuffling of skill and — 


* 
" 


science. Even today, evaluating a drug for chronic ~ 
angina pectoris involves the art of medicineas 
well as its science. ^ 


During more than a decade of clinical experience, 
compounding both science and art, Persantine | 
has often been found useful in the long-term man- 
agement of chronic angina pectoris.* It may: 


a REN 


eliminate or reduce the frequency of anginal 
attacks 


improve exercise tolerance 


—— 


reduce nitroglycerin requirements 


Give enough...long enough (recommended dos- 
age: 50 mg t.i.d. at least one hour before meals 
for 60 to 90 days or longer). 


Persantine: 2 
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Thromboembolic disease is increasing as 


Cardiologists: 


33% of Your Patients May Die 
From I hromboembolic Disease" 





a secondarily diagnosed condition. 


The following primary patient conditions 
exhibit an incidence rate for thrombo- 


embolic disease above the average. 


Therefore, these conditions should be 


considered “High Risk”. 


PATIENTS PER 1000 
WITH THROMBOEMBOLIC 
PRIMARY CONDITIONS DISEAS 


Rheumatic Fever and 
Rheumatic Heart Disease 
Hypertensive Heart Disease 


Ischemic Heart Disease 15 


Diseases of the Pericardium, 
Endocardium, and Myocardium 
Cardiovascular Diseases 
Arterial Diseases 

Pulmonary Embolism 

with Infarction 

Other Venous Emboli 

and Thrombi 

Lower Extremity Varicosities 
Other Lymphatic Diseases 
Other Circulatory Diseases 


These Patients Deserve 
Additional Protection Against 
Thromboembolic Disease... 


* "Basic data for use in this study were supplied by the Commission on 
Professional and Hospital Activities (CPHA), Ann Arbor, Michigan. In 
these data the identities of individual hospitals were not revealed in any 
way. Although statistical testing was done at CPHA, any analysis, 
interpretation, or conclusions based on the data is solely that of the 
Kendall Corporation and CPHA specifically disclaims responsibility for 


any such analysis, interpretation, or conclusion.” 


Anti-Embolism Stockings 


The Clinically Proven Stocking That Reduces 
the Incidence of Thromboembolic Disease 





Venous stasis...a dangerous precursor to pu 
nary embolism. Diagnosis? Inconsistent. Probabil- 
ity for incidence following surgery? Significant. 

T.E.D. Anti-Embolism Stockings substantially 
reduce venous stasis. That's a clinically proven fact. 
Twenty-five years of continuous research positively 
substantiate that claim. 

T.E.D. Anti-Embolism Stockings are like no 
other anti-embolism stockings. Exclusive con- 
struction provides the proper gradients of pres- 
sure...consistently, precisely. A patented relaxed 
knee reduces pressure at the popliteal space, a 
patented gusset prevents constriction. No harsh 
ridges or seams. Special toe opening for inspec- 
tion. And eleven sizes that fit 98% of all hospital 





admissions. Simple to apply, easy to maintain. 

Your Kendall salesman is professionally trained 
to help you implement a total prophylactic pro- 
gram in your hospital. Inservice guides, programs, 
tape measures, and fitting charts eliminate the pos- 
sibility of incorrect fit, improper use. 

T.E.D—Low cost medical insurance against 
thromboembolic disease for the doctor, nurse and 
hospital. 


INNOVATORS IN PATIENT CARE — 


© 1976, The Kendall Company, One Federal Street, Boston, Ma., 02110 . 
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AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
.. PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


_ This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 

- oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers 

each month. The audio cassette tapes include recorded panel discussions interviews with noted 

authorities and self-assessment quizzes. In addition, 35 mm slides and a monthly personal continuing 
. education notebook are supplied as a part of this professional service. 


HOW WELL CAN YOU DO ON THIS QUIZ? 


These and other items have been discussed in recent 
issues of the ACCEL™ cassette tapes: 


Join the more than 4,500 subscribers who are listening each month. 


1) HIS bundle electrograms are frequently of consid- 
erable value in diagnosing ventricular tachycar- 
dia. 

True False 

2) The complications of pacemaker electrode 

placement can be significantly reduced by right 

ventricular apex angiography. 


— 


True False 
3) Paradoxical motion of the ventricular septum is 
commonly seen in patients with atrial septal de- 
fects. 


~_— 


True False 


4) Which of the following is correct: 


A) High-grade obstructive coronary artery disease 
generally precedes myocardial infarction. 

B) High-grade obstructive coronary artery disease 
generally follows myocardial infarction. 

C) The matter is still debatable. 


ANSWERS: 
O (p ‘ens (g ‘ony (Z ‘esyey (L 








($0 — Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 


Please enter my one year (12 issues) subscription to ACCEL™ 


è Name 

| enclose $. . for the plan checked below: Pto 259 
PLAN A 
CASSETTE TAPES WITH Subscription Address : 
GENERAL ELECTRIC PLAYER/RECORDER "e teet 

[] ACC member, $120 

LJ. Nom memes, Wi: oe ds) City State | Zip Code 
ipid: Type of Practice 
CASSETTE TAPES ONLY " 

[] ACC member, $70 Check made payable to the American College of Cardiology should 

N b 0 accompany this application and be forwarded to: ACCEL'", American 
C Non-member, $8 College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 20014. 
(U.S. Funds) Payment in full must accompany all subscription orders. 
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a 
comprehensive 
program 


for 

Blood 
Pressure 
Transducers 
and 


Sterile 

Disposable 

Domes 

from 

Bentley Laboratories, Inc. 





We at Bentley Laboratories, Inc., are proud of our transducers and sterile dispos- 
able domes and believe we have the finest products available for direct blood pressure 
measurements. Our transducer is being sold throughout the world, and it is renowned 
for its safety characteristics, reliability and ruggedness. In the most active hospital 
service the transducer is always available, ready to provide the stability and accuracy 
that patient monitoring demands. 

In March 1974 we introduced the pre-packaged D-240 Sterile Disposable Dome. 
This product gained immediate acceptance as it provided a way for hospitals to 
immediately reuse a transducer without having to wait for the prescribed sterilization 
time. The D-240 also gave many other benefits—cost savings of sterilization and 
handling, decreased transducer inventory, elimination of contamination and a reduction 
in transducer damage. We want to share our product confidence with you by offering 
you several different programs that will enable you to obtain these products more 
advantageously. 


Two Year Warranty Program 


We were the first company to introduce a pre-packaged sterile disposable dome. Along with all the 
advantages of presterilized products came an additional benefit in the reduction of transducers being 
a damaged due to excessive handling. Our records show that if sterile disposable domes are used, the 
number of transducers returned for repair is significantly reduced. We now extend a two-year warranty 
on the Bentley Trantec Transducers that are purchased and used with our disposable domes. The 
initial purchase will include 48 sterile disposable domes. These packages will be designated and priced 
as shown below: 


Model 800D: Our standard Model 800 Trantec Model 508D: Our standard Model 508 Trantec 





Transducer ($420.00) wired for Transducer ($450.00) wired for 
use with your monitors and pack- use with your monitors and pack- 
aged with 48 each, D-240 or D-241 aged with 48 each, D-240 or D-241 
Sterile Disposable Domes ($240). Sterile Disposable Domes ($240). 
Price: $660.00 Price: $690.00 


The transducers in the Model 800D and 508D will be packaged without reusable domes. The trans- 
ducer will be shipped with a protective caplug covering the diaphragm and a warranty card which 
must be filled out and returned to certify the warranty. 


Transducer Quantity Discounts 


Our quantity discount program encourages you to accumulate your requisitions from all departments 
in the hospital and place only one order. This results in savings in processing multiple paperwork and 
a. we want to share those savings with you. We are offering a discount from our list price as indicated 
on the schedule below: 





Quantity Ordered Discount from List Price 
]- 5units No Discount 
6-10 units 5% 
11-25 units 7% 
26-up units 10% 


List price of the Model 800 is $420.00 and the Model 508 is $450.00, FOB Irvine, California. 


Sterile Disposable Dome Discounts 


The cost of processing many small orders is naturally higher than processing one large order. To 
encourage you to reduce your order processing costs, we are offering the following quantity discounts 
& for our Sterile Disposable Domes. As we have disposable domes for use with different transducers, 





and domes with different fittings, you can accumulate your dome orders to include cartons of the 
different types of domes you require and take advantage of our quantity discounts. We are offering our 
D-240 with Linden fittings and D-241 with Luer Lok fittings for use with the Trantec Transducer and the 
D-250 with Linden fittings and D-251 with Luer Lok fittings for use with the Statham P23la, Db, Dc, 
Dd, De & V Transducers. 


Quantity Ordered Discount from List Price 
1-10 cartons (24-240 units) No Discount 
11-20 cartons (264-480 units) 5% 
21-40 cartons (504-960 units) 7% 
41-50 cartons (984-1,200 units) 10% 
Over 50 cartons By Quotation 


List price of our D-240, D-241, D-250 and D-251 Sterile Disposable Dome is $5.00 each; packaged in 
cartons of 24 units. 


Transducer Trade-In Allowances 


We are offering a trade-in allowance for each physiological pressure transducer traded in toward the 
purchase of a Trantec Transducer on a one-for-one basis. Send in your purchase order with the trans- 
ducers to be traded in and we will ship you Trantec Transducers, invoiced with the following trade-in 
allowances: 





Manufacturer Type Trade-In Allowance 
Statham P23la and P23ld $100.00 
Statham P23Db, Dc, Dd, De and V 50.00 
Hewlett Packard 75.00 
Bell & Howell 75.00 
All other types 50.00 


It is not necessary that the transducer traded in be in working condition. 


Purchase Agreement 


We are offering this combination purchase consignment plan for the transducers and sterile disposable 
domes. With this plan there is no capital expense, as it allows you to use the transducer and sterile 
8 disposable dome while amortizing the transducer expense over a period of one year. To qualify for 
this program, the hospital must agree to purchase domes for twelve consecutive months on a standing 
purchase order at a selected monthly rate and at the price for that rate. In the first shipment of domes 
we will include a Bentley Trantec Transducer wired to fit your monitor. For more details on this plan, 
contact your nearest Bentley representative or Bentley Laboratories, Inc. 





OK, I'm interested. Please tell me more about your new programs... 


(C Tmn meres. Plens el me more about your nev programes M 
| 


[] 1. Two Year Warranty Program LJ 4. Transducer Trade-In Allowances 
C] 2. Transducer Quantity Discounts L] 5. Purchase Agreement 
LJ 3. Sterile Disposable Dome Discounts [ ] My need is urgent; please call me immediately. 


Name Title 
Institution 


i Street 
City State ZB B -> 


Telephone ( 





Se . "—— —— "-—— 
Edd dd AE sa 





EP. 
Nr 
H S 
ay" 


- Business Reply Mail 


__No Postage Stamp Necessary if Mailed in the United States 


E Postage will be paid by: 


3 Bentley Laboratories, Inc. 


17502 Armstrong Avenue 
Irvine, California 92714 








= BENTLEY LABORATORIES, INC. | | 17502 Armstrong Avenue : Irvine, California 92714 - (714) 546-8020 


T76100-876-5PG Printed in U.s 


P4 








FIRST CLASS 
PERMIT NO. 3121 
IRVINE, CALIF. 
92714 





PEDIATRIC CARDIOLOGY 


Echocardiographic Spectrum of the Hypoplastic 
Left Heart Syndrome 


A Clinicopathologic Correlation in 19 Newborns 


ZIA Q. FAROOKI, MBBS Ultrasonic studies were performed in 19 neonates with the hypoplastic — 
JAMES G. HENRY, MD left heart syndrome whose diagnosis was confirmed at angiography or 
EDWARD W. GREEN, MD autopsy, or both. The patients were classified in two echocardiographic 


groups: Group I, 10 infants whose ventricular septum could be recorded, — 
and Group Il, 9 infants whose septum could not be recorded. The findings 
in these groups were compared with those in 60 neonates without con- — 
genital heart disease also studied with ultrasound. Two additional neonates — 
who presented with signs of shock were also studied. Ar 
The diagnostic echocardiographic features of hypoplastic left heart 
syndrome were: (1) a left ventricular end-diastolic dimension of less than LS 
9 mm; (2) an aortic root diameter of less than 6 mm; (3) a ratio of left 1 
ventricular end-diastolic to right ventricular end-diastolic dimension of — 
less than 0.6; and (4) a mitral valve echo that is absent or greatly distorted 
and of small amplitude. These echocardiographic criteria differed sig- - 
nificantly from findings in the normal group (P <0.01). Echocardiography Y 
proved valuable in neonates with shock. It is a safe, reliable technique  . 
that can be used to delineate the intracardiac anatomy in sick neonates — 
with the hypoplastic left heart syndrome. E 


f: | 


Detroit, Michigan 


*Hypoplastic left heart syndrome" is a term used to describe a wide 
spectrum of congenital heart defects consisting of small left ventricle, 
hypoplastic or atretic mitral valve, hypoplastic or atretic aortic valve, | 
hypoplastic or interrupted aortic arch, with or without ventricular septal - 
defect and with or without malposition of the great arteries.!-* 

In this study we have defined the hypoplastic left heart syndrome as 
consisting of (1) aortic atresia, (2) mitral atresia or hypoplasia, (3) di- 
minutive left ventricular cavity, (4) intact ventricular septum and. (5) 
normally related great vessels. This paper presents the echocardiographic ` 
findings in 19 neonates with this syndrome and illustrates the value of © 
echocardiography in the differential diagnosis of cardiogenic shock and: É 
congestive heart failure in this age group. For comparative analysis, 60` 
neonates without heart disease were also studied with ultrasound... 


Material and Methods 


The echocardiographic examinations were performed with a 5.0 megahertz — 
transducer interfaced with a Smith-Kline Ekoline model 20 echocardiograph. 


From the Department of Pediatrics, Wayne State All recordings were made on Polaroid” film. The technique of echocardiography 
University School of Medicine and the Section of in neonates is well established.5-? Nineteen newborn infants with the hypoplastic | 
Cardiology, Children's Hospital of Michigan, De- left heart syndrome were studied with standard ultrasonic technique. The di- 
troit Medical Center, Detroit, Mich. Manuscript agnosis was confirmed by cardiac catheterization and biplane cineangiographic : 


received June 25, 1975; revised manuscript re- 
ceived August 15, 1975, accepted September 3, 
1975. à 7 


studies in 10 patients. The anteroposterior diameters of the ascending aorta and 
the aortic root at the level of the sinuses of Valsalva were measured with angi- _ 


Address for reprints: Zia Q. Farooki, MD, Chil- ography in 10 patients. The intracardiac catheter was used as a reference point, 
dren's Hospital of Michigan, 3901 Beaubien, De- and the measured values of the aortic diameters were corrected with use of a 
troit, Mich. 48201. | magnification factor. Autopsy was performed in 16 of 19 patients, and the ex- 
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FIGURE 1. Case 2. Echocardiogram. A, a large right 
ventricle and a small left ventricle is seen. No mitral valve 
echo is seen. B, the transducer is rotated toward the 
aortic root, which is small. This patient had aortic atresia, 
mitral hypoplasia and a diminutive left ventricular cavity 
at autopsy. AW = anterior heart wall; LVOT = left ven- 
tricular outflow tract; PW = posterior wall of the left 
ventricle; TV = tricuspid valve; VS = ventricular septum. 
On original tracings ventrical and horizontal bars repre- 
sented 10 mm deflection and 0.5 sec interval, respec- 
tively. 


FIGURE 2. Case 4. Echocardiogram. A, a small aortic 
root is seen. B, a minute left ventricular cavity is dem- 
onstrated. No mitral valve is seen. This patient was 
proved to have aortic atresia, mitral atresia and a di- 
minutive left ventricular cavity at autopsy. AO = aortic 
root; other abbreviations as in Figure 1. 


FIGURE 3. Case 8. Echocardiogram. A, the ventricular 
septal motion is reversed. The left ventricular end-dia- 
stolic dimension is small. The additional echo in the left 
ventricular cavity is assumed to arise from a rudimentary 
mitral valve. B, a small aortic root is seen (arrows). C, the 
pulmonary valve (PV) is recorded. This patient had mitral 
valve hypoplasia, aortic atresia and a diminutive left 
ventricle at autopsy. Abbreviations as in Figure 1. 


FIGURE 4. Case 1. Echocardiogram. A, an abnormal 
mitral valve (MV) echo is seen in the small left ventricular 
cavity. B, a small aortic root (arrows) is seen. C, the 
pulmonary valve is demonstrated. This patient had mitral 
valve hypoplasia, aortic atresia and a diminutive left 
ventricle at autopsy. Abbreviations as in Figure 1. 


 ECHOCARDIOGRAPHY IN HYPOPLASTIC LEFT HEART SYNDROME—FAROOKI ET AL. _ 


E a 4 
i- V. Ca - 
Ph 


~ 
T ^ OCA - > 


An 


mmo 2 Lo 
.* id x AN > w 
har a T 


September 1976 The American Journal of CARDIOLOGY Volume 38 





339 


_ ECHOCARDIOGRAPHY IN HYPOPLASTIC LEFT HEART SYNDROME—FAROOKI ET AL. - 


ternal diameter of the aorta, measured immediately above the 
sinuses of Valsalva, was available in 4 cases. A control group 
of 60 newborns without congenital heart disease was also 
studied with the standard echocardiographic technique. These 
patients ranged in age from 1 to 28 days (mean 4). Echocar- 
diography was also performed in two additional infants who 
presented with signs of shock. 


Clinical Features 


The mean age of the 19 neonates was 2 days at the time of 
echocardiographic examination and 4 days at death. There 
were 12 male and 7 female infants. Seventeen patients pre- 
sented with the clinical findings of cardiogenic shock. Two 
patients had a recordable blood pressure of 70/30 mm Hg in 
the legs at the time of the echocardiographic studies. In two 
patients a soft short midsystolic ejection murmur was heard 
along the left upper sternal border. All patients had a loud 
single second heart sound. Seventeen patients had right atrial 
and right ventricular enlargement, absent Q wave over the left 


TABLE II 
Measured Size of Aorta (mm) 


Angiogram Autopsy 
| (external 
Case Echocardiogram Aortic Asc diameter 

- no. (aortic root) Root Aorta of asc aorta) 
1 45 4.0 3.5 NA 
2 4.0 NA NA 4.0 
3 3.0 4.0 3.3 5.0 
4 4.0 NA NA 3.0 
9 4.0 23 2.2 NA 

10 3.0 29 2.2 NA 
11 6.0 4.4 2.5 NA 
14 3.5 3.5 2.8 NA 
15 45 NA NA 1.5 
16 4.0 4.2 2.2 NA 


Asc = ascending; NA = not available. 
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FIGURE 5. Case 16. Echocardiogram. The ventricular septum is not 
seen. A singie large atrioventricular valvular motion is recorded, labeled 
tricuspid valve (TV). At autopsy, this patient was found to have mitral 
atresia, aortic atresia and no identifiable left ventricular cavity. Ab- 
breviations as in Figure 1. 


precordium and right axis deviation in the routine electro- 
cardiogram. Two patients had wide QRS complexes with in- 
termediate axis deviation, and this finding was thought to 
reflect aberrant intraventricular conduction of nonspecific 
type, probably secondary to acidosis and hypoxia. No patient 
had left axis deviation. The chest roentgenogram in all pa- 
tients revealed mild to moderate cardiac enlargement and 
various degrees of pulmonary venous congestion; three neo- 
nates had the reversed 5 sign due to loss of the shadow of the 
ascending aorta. 


Results 


The patients with hypoplastic left heart syndrome 
were classified in two echocardiographic groups (Table 
I): Group I, 10 patients whose ventricular septum was 
identifiable (Fig. 1 to 4); and Group II, 9 patients whose 
ventricular septum could not be identified by careful 
examination (Fig. 5 and 6). 

The anterior tricuspid valve leaflet was recorded in 
all patients. The excursion of this leaflet ranged between 
9 and 15 mm, and the E-F (closing) slope ranged be- 
tween 50 and 140 mm/sec. The anterior mitral valve 
leaflet was identifiable in three patients only; its motion 
was abnormal, and its excursion was of low amplitude 
(Fig 4). The ventricular septal motion was type A (re- 
versed) in 7 of the 10 patients in Group I and type B 
(flat) in the remaining 3. The echocardiographic di- 
mensions of the aortic root were compared with the 
measured values either at autopsy or in the angiograms 
or both (Table II). 

Figures 1 to 6 present the typical echocardiographic 
patterns of hypoplastic left heart syndrome. The 
structure labeled VS in Figures 1 to 4 is assumed to 
represent the ventricular septum. At autopsy, these four 
patients were proved to have a diminutive left ventric- 
ular cavity. The echo labeled MV in Figure 4 is assumed 
to represent an extremely hypoplastic mitral valve ap- 
paratus, on the basis of autopsy findings. 


10 mm 


0.5 sec 





FIGURE 6. Case 15. Echocardiogram. The aorta is small and an echo 
of the type found in single ventricle was recorded. At autopsy, this pa- 
tient was found to have aortic atresia, mitral atresia gnd absent left 
ventricular cavity. LA = left atrium; other abbreviations as in Figure 
et e 
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Figures 7 and 8 show the echocardiograms of the two 
newborns who presented with signs of shock. Figure 7 
is the ultrasonic study obtained in a 13 hour old new- 
born with severe congestive heart failure and absent 
pulses. The large left ventricular cavity (left ventricular 
to right ventricular end-diastolic dimension ratio 2.0) 
rules out the diagnosis of hypoplastic left heart syn- 


TABLE III 


drome. The mitral valve shows diminished excursion. 
This patient was found to have critical aortic valve 
stenosis at cardiac catheterization, and emergency aortic 
valvotomy was performed. 

Figure 8 is the ultrasonic study obtained in a 10 hour 
old neonate with shock. The possibility of hypoplastic 
left heart syndrome was ruled out by this study. The 


Comparison of Echocardiographic Findings in 19 Neonates With Hypoplastic Left Heart Syndrome 


and 60 Neonates Without Congenital Heart Defect 


Normal Neonates 





Echocardiographic Variables Range 
LVEDD (mm) 10.00-27.00 14.82 + 
RVEDD (mm) 4.00—16.00 8.53 * 
LVEDD/RVEDD ratio 1.00—4.5 1.89 + 
Aorta (mm) 7.00—12.00 9.18 + 
LAD (mm) 7.00—15.00 9.98 + 


* Highly significant. 
t Insignificant. 


Mean + SD 


"ab s audes 
c' ouo 
SN WON 


Hypoplastic Left Heart Syndrome 





Range Mean + SD P Value 
3.00-9.00 4.90 « 1.91 «0.01* 
12.00-24.00 17.20 + 4.16 «0.01* 
0.15—0.64 0.31 * 0.17 «0.01* 
3.00—6.00 4.07 ż 0.83 <0.01* 
4.00—14.00 10.21 + 2.29 >0.05T 


d 


f 


LAD = left atrial dimension; LVEDD = left ventricular end-diastolic dimension; P = probability; RVEDD = right ventricular end-diastolic di- 


mension; SD = standard deviation. 


FIGURE 7. Echocardiogram from a neonate with critical 
aortic valve stenosis, congestive heart failure and no 
recordable pulses. The left ventricle is larger than normal 
and the aortic root (AO) is of normal size. Both leaflets 
of the mitral valve (MV) are recorded. LA = left atrium; 
other abbreviations as in Figure 1. 


FIGURE 8. Echocardiogram from a neonate with clinical 
findings of shock secondary to cerebral hemorrhage. The 
mitral valve (MV), left ventricular cavity, aortic root (AO) 
and the left atrium (LA) are of normal size. Abbreviations 
as in Figure 1. 
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TABLE IV 


Echocardiographic Data in Normal Neonates and Infants 


«d. 





" Study Aortic Root (mm) LVEDD (mm) RVEDD (mm) LAD (mm) 
d Meyer and Kaplan? 7—12 12-20 (16) 10-17 (13) 6—13 (9) 

(s Solinger et al. 9—11 15.8-21.4 10.1—14.3 6.5—10.2 

sf Hagan et al.® 8.1-12.0 (10.0) 12—23.3 (18.7) 6.1—15.0 (11.4) 5.0—10.0 (7.0) 
AS Godman et al.? 8.0-11.0 (10.2) 12.0—20.4 (16.2) 10.0—17.5 (13.8) 4.0—10.5 (6.4) 
pa Lortscher et al.'^ 8—13 (10) 9—19 (15) 7—20 (14) 3—8 (5.5) 

e^ Lundstrom’ 8—19 12-31 4-11 7—22 

» Present series 7.0-12.0 10.0-27.0 4.0—16.0 7.0—15.0 

p (9.18 + 1.03) (14.8 + 3.04) (8.53 + 2.37) (9.98 + 1.57) 
i 

b Figures in parentheses indicate mean values (* standard deviation in present series). 

l LAD = left atrial dimension;.LVEDD = left ventricular end-diastolic dimension; RVEDD = right ventricular end-diastolic dimension. 

iy 

1 baby died at age 20 hours and was found to have normal Discussion 


cardiac anatomy. The cause of death was intracerebral 
hemorrhage. 

Table III compares the echocardiographic findings 
D the 60 neonates without congenital heart defect and 


WT S r eC 


- »our 19 patients with the hypoplastic left heart syn- 

- drome. The left and right ventricular dimensions and 

ratios and aortic dimensions were significantly different 

(P «0.01). However, the left atrial dimension did not 

iffer significantly (P >0.05). The values in our normal 

_ ‘neonates were comparable with those reported by oth- 
- .ers?-!? (Table IV). 


. TABLE V 
. Echocardiographic Data in Hypoplastic 
- Left Heart Syndrome 


Godman Present 
-Echocardiographic Meyer et al.’ et al.* (12 Series (19 
Findings - (6 patients) patients) patients) 





Dimensions (mm) 


Left ventricular 4—9 3-11 3—9 
. end-diastolic [8 pts] (4.9 + 
E" 1.91) 
— — Right ventricular 22-32 20-32 12—24 
E end-diastolic (25) (17.20 + 
4.16) 
Aortic NR 4-7 3-6 
MN. [5 pts] (4.07 + 
E. 0.83) 
-- Left atrial NR NR 4—14 
E. (10.21 + 
" 2.29) 
.. Tricuspid valve 10-13 10-15 9-15 
|. excursion (mm) [5 pts] (10.89 + 
E q ps 
E "t 1 .49) 
t AR 
= E-F slope 29-78 NR 50—140 
(mm/sec) [4 pts] (78.42 + 
pe 20.82) 
.. Mitral valve 3-5 3-8 NR 
E. excursion (mm) [4 pts] [6 pts] 
.. E-F slope 28 [1 pt] NR NR 
- (mm/sec) 
| "Single ventricle'' None 4 pts 9 pts 
type 





Figures in parentheses indicate mean values (* standard deviation 
— in present series). 


NR = not reported or recorded; pts = patients. 
a 


The hypoplastic left heart syndrome accounts for 
only 1.2 percent of all congenital heart defects,!! but it 
is the most common congenital heart defect resulting 
in congestive heart failure and death within the 1st 
month of life.1?:? Its incidence rate may be as high as 
15 percent of all autopsy cases of congenital heart de- 
fect.^ A male/female ratio of 2:1 has been reported.!4 
Patients with the syndrome present with severe con- 
gestive heart failure within the 1st few days of life. The 
pulses are absent or feeble, but the right ventricular 
thrust is prominent on precordial examination. The 
degree of cyanosis is quite variable, and the skin color 
is usually ash grey. Characteristically there are no 
murmurs, and the second heart sound is loud and single. 
The chest roentgenogram is usually nonspecific but a 
reversed 5 sign, when present, may be helpful.!^ The 
electrocardiographic features suggest right ventricular 
hypertrophy and right atrial enlargement, and may 
mimick left ventricular hypertrophy in rare cases.!9 
Cardiac catheterization and angiography have been 
used to make a definitive diagnosis.!? 

The echocardiographic findings in the hypoplastic 
left heart syndrome are quite uniform751819 and in- 
clude: (1) a small left ventricular cavity, (2) a small 
aortic root, (3) absent or distorted mitral valve echo, (4) 
absence of ventricular septal echo, and (5) a single 
atrioventricular valve. In our study we classified the 
patients in two echocardiographic groups. 


Group I: In this group of 10 patients whose ventric- 
ular septum could be demonstrated (Table IA) the left 
ventricular cavity was significantly smaller than in 
normal neonates. The mitral valve was recorded in only 
three patients. Its excursion was small and the E-F slope 
could not be measured in any patient. On autopsy these 
three patients had mitral valve hypoplasia rather than 
atresia. Six other patients in this group who underwent 
autopsy had mitral and aortic atresia and a diminutive 
left ventricular cavity. 


Group II: In this group, the remaining nine patients 
whose ventricular septum could not be recorded (Table 
IB), a large single atrioventricular valve was recorded 
in all. In five of seven who underwent autopsy exami- 
nation, the left ventricular cavity was not identifiable. 
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In the remaining two patients a slit-like left ventricular 
cavity was seen on autopsy. However, the ventricular 
septum was not recorded in these two patients by ul- 
trasonic examination. 

Comparison of echocardiographic and angio- 
graphic aortic dimensions: The dimensions of the 
aorta as measured with echocardiography and angiog- 
raphy and at autopsy (Table II) were compared. Al- 
though there was an apparent gross correlation between 
the echocardiographic and angiographic measurements 
of the aorta, the former values tended to be greater than 
those measured with angiography or at autopsy. This 
apparent discrepancy may be due to several factors: (1) 
The aortic root is distended during life, (2) the aortic 
root usually resembles an hourglass in angiograms, and 
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(3) it is difficult to ascertain the exact direction ofthe . 
ultrasonic beam. x 
Table V compares our echocardiographic findings in - 
the hypoplastic left heart syndrome with those of two - 
other reported series.^? Our data are comparable. i 
In conclusion, we believe that echocardiography is - 
helpful in the newborn age group and can be reliably, 
safely and rapidly utilized to distinguish cardiogenic 
shock and congestive heart failure due to the hypo- 
plastic left heart syndrome from other cardiac and 
noncardiac conditions associated with absent pulses 
(Fig. 7 and 8). ; 
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Six children with an uncommon variant of complete (that is, physiologically 
uncorrected) transposition of the great arteries are described. In this 
malformation, levoposition of the aorta is coincident with situs solitus and 
concordant atrioventricular relations. All patients underwent successful 
surgical correction. Four had a ventricular septal defect; in three, the 
defect was subaortic and because of its unusual anatomic features, a right 
ventriculotomy was required for repair. Interatrial transposition of venous 
return was carried out in all cases by insertion of a baffle, as in complete 
dextrotransposition of the great arteries. The surgical verification of the 
arterial positions in these cases illustrated the fallibility of the so-called 
loop rule. The significance of the cases in relation to terminology, clas- 
sification and morphogenesis of this variant is discussed. 


There is dispute concerning the incidence of a levopositioned transposed 
aorta in association with situs solitus and atrioventricular concordance. 
Paul et al.! considered this variant rare, stating that it was unusual to 
find other than a dextrotransposed aorta with a d -bulboventricular loop 
(the “loop rule"). Although Carr et al.? reported that this rule was con- 
travened in at least 17 percent of their cases, acceptance of the existence 
of l-transposition with concordant atrioventricular relation (complete 
/-transposition) is not widespread.? Descriptions of surgical correction 
of this type of transposition are few, particularly when this lesion is as- 
sociated with a ventricular septal defect. We have now successfully op- 
erated on six children with this form of transposition, four of whom had 
an associated ventricular septal defect (Table I). The anatomic features 
of the defect in three cases were unusual and significantly influenced 
the surgical approach. 

In view of the satisfactory surgical treatment of these patients con- 
tinuing interest in the terminology and morphogenesis of transposition 
of the great vessels, we document herein the clinical, angiocardiographic 
and surgical features of this variant of complete" transposition. 


Reports of Cases 


Case 1 


This male infant had cyanosis from birth and was transferred to the Brompton 
Hospital on the 1st day of life with a diagnosis of complex congenital heart dis- 
ease. 

Clinical findings: He was cyanotic and tachypneic. The jugular venous 
pressure was normal. The first and second heart sounds were normal, and a grade 
2/4 systolic ejection murmur was heard at the left sternal edge. The hemoglobin 
was 16.9 g/100 ml. 

The electrocardiogram revealed sinus rhythm with a QRS axis of +150° and 
right ventricular hypertrophy. The chest roentgenogram showed mild enlarge- 
ment of the heart and plethoric lung fields. The pulmonary vessels appeared 
to taper evenly into the periphery. 
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TABLE | 






Six Cases With Uncorrected Transposition and /-Position of the Aorta b 
Age at E | 
Case Date of Birth Associated Operation ASD Present Bypass E 
no. Sex (mo/day/yr) BAS Cardiac Lesions (months) at Operation Surgical Procedure Technique > 
1 M 12/5/71 12/5/71 VSD (subaortic) 29 Small PFO Interatrial baffle, CPB + CA — 
transventricular A 
repair of VSD | 
2 M 10/22/72 No VSD (subaortic) 21 No Interatrial baffle, CPB +CA © 
transventricular i 
y repair of VSD = AL 
3 F 7/20/72 No VSD (subaortic) 28 No Interatrial baffle, CA cag 
+ PDA* transventricular S 
repair of VSD 34 
4 M 1/22/70 No Malalignment VSD 55 No Interatrial baffle, CPB +CA . 
transvalvular Pee | 
repair of VSD Je 
5 M 8/29/73 8/30/73 ASD 10 Moderate size Interatrial baffle CA: a 
6 M 4/5/72 4/21/72 ASD 18 Moderate size Interatrial baffle CPB 5 
1 


ASD = atrial septal defect; BAS = balloon atrial septostomy; CA = circulatory arrest and profound hypothermia; CPB = cardiopulmonary by- 
pass; PDA = patent ductus arteriosus; PFO = patent foramen ovale; VSD = ventricular septal defect. 5 
* Patent ductus arteriosus was ligated elsewhere and the pulmonary artery was banded at the same time. 


€ 


4“ 


TABLE Il i E 
Cardiac Catheterization Data in Six Cases | f 
A Oxygen Saturation (%)* Pressures (mm Hg) | i 
no. SVC IVC. RA LA RV LV Ao MPA RAT LAT RV LV Ao MPA . 
la 40 ze" 17 98 98 29 s aM ox ALT y 66/51 m. 
b 24 23 21 = 25 — 32 = 8 X 70/ — 67/42 E 
2 50 55 57 - 58 $ 65 cx 4 3e 85/4 y 85/50 C 
3a 57 71 77.5 96.8 77.5 -— 84 — 6 8 55/5 — 70/45 — 
b 49 32 50 ai =e 55 = ày 10 9 = 70/0 — 33/ 
4 51 46 50 — 60 98 66 91 13 — 85/ 83/ 85/60 43/21; 
5 48 51 54 90 65 92 65 71 2 3 60/3 44/0 60/45 X 43/19 
6a = 26 29 94 25 72 31 84 5 11 63/0 50/0 65/35 50/25 
b 38 39 75 96 60 96 73 86 3 4 80/0 40/0 85/55 28/16 - 


Ao = aorta; IVC = inferior vena cava; LA = left atrium; LV = left ventricle; MPA = main pulmonary artery; RA = right atrium; RV = right en- 
tricle; SVC = superior vena cava. | t s 
*Inspired oxygen concentration 25 percent. 
Mean pressure. 


FIGURE 1. Case 1. Anteroposterior 
and lateral right ventricular angio- 
cardiogram. The aorta (Ao) arises 
from the morphologic right ventricle 
(RV). The ventricular septal defect 
(VSD) is immediately subaortic as 
seen in the backflow from the right 
ventricle. The pulmonary artery (PA) 
is faintly opácified and is to the right 
of the aorta. 
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= Special investigation: Cardiac catheterization data are 
- shown in Table II. Angiocardiography disclosed atrioven- 
_ tricular concordance with situs solitus. The aorta, which arose 

from the morphologic right ventricle, was positioned to the 


left of the main pulmonary artery, which arose from the - 


- morphologic left ventricle. There was a subaortic ventricular 
dreptal defect (Fig. 1). Results of a balloon atrial septostomy, 
erformed at this time were good. 
-.. The child thrived, and was readmitted at age 29 months for 
corrective surgery. Examination revealed that the second 
heart sound was now split, with an accentuated pulmonary 
component. Repeat cardiac catheterization and angiocardi- 
E were carried out but, as previously, the main pul- 
| ary artery could not be entered. 
"Treatment: At operation, the angiocardiographic ap- 
Psp of the great vessels was confirmed. The aorta and 
the aortic valve were to the left of the main pulmonary artery 
_ and pulmonary valve ring. 
E: Routine cardiopulmonary bypass and hypothermia with 
- intermittent cardiac ischemia were used during the corrective 
- procedure. Because the ventricular septal defect was not 
visualized after inspection through the tricuspid valve, an 
incision was made high in the infundibulum of the right ven- 
p  tricle. It was then seen that the defect was in the coronal plane 
E and that it was immediately subaortic. Its inferior edge was 
- formed by the crest of the ventricular septum and the superior 
_ edge by the posterior half of the inferior free margin of the 
- aortic root. The papillary muscle of the conus was well seen 
B teronterior to the defect (Fig. 2A). The defect was closed 
with use of a Dacron? patch; the upper part was attached to 
the under surface of the posterior half of the aortic valve ring, 
f and the lower part to the muscular interventricular septum 
prie. 2B). 
Venous inflow at the atrial level was rerouted, using an in- 
- teratrial baffle of thin Teflon® (USCI 3106) after the design 
_ of Brom et al. Briefly, the baffle is cut in a “trouser” shape. 
_ The “waist” is attached to the posterior wall of the left atrium 
to incorporate the pulmonary veins. The “legs” of the patch, 
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FIGURE 2. Case 1. Artist's drawing 
of the heart at operation. A, external 
aspect of the heart and the great 
vessels showing the left-sided aorta 
(Ao) and the vertical incision in the 
right ventricular outflow tract. The 
immediate subaortic position of the 
ventricular septal defect is shown 
(black arrow). The pulmonary 
valve can be seen below posteriorly 
and to the right of the aortic valve 
(white arrow). B, the inferior mar- 
gin of the patch to close the ven- 
tricular septal defect is attached to 
the crest of the muscular septum 
and the superior margin to the 
posterior half of the aortic valve 
ring. 


which have a width three fourths the circumference of the 
superior and and inferior venae cavae, form the roof of the 
inflow tract for the blood from the great veins. This shape 
gives a smooth configuration whether the baffle is made of 
pericardium or synthetic cloth. 

The pulmonary venous atrium was generously enlarged by 
the insertion of an inlay patch in the right lateral wall of this 
chamber. 

The child was discharged from the hospital 2 weeks after 
operation. At follow-up 18 months later, he was asymptomatic. 
'The heart was still slightly enlarged and an early diastolic 
murmur was heard maximal at the second left intercostal 
space. These findings probably represent mild aortic incom- 
petence secondary to the repair. 


Case 2 


This boy was admitted at age 21 months with a clinical di- 
agnosis of cyanotic congenital heart disease. 

Clinical findings: There was marked clubbing of the fin- 
gers and toes, and examination revealed a hyperactive right 
ventricle. The first and second heart sounds were single, and 
grade 2/4 systolic ejection murmur was well heard at the left 
sternal edge. The hemoglobin was 18.0 g/100 ml. 

The electrocardiogram revealed sinus rhythm with a QRS 
axis of +120°. Biatrial and right ventricular hypertrophy was 
present. Chest roentgenograms revealed an enlarged heart, 
and displacement of the trachea to the right. The lung fields 
were plethoric. The upper mediastinum was widened, prob- 
ably because of an enlarged thymus. 

Special investigation: Cardiac catheterization data are 
shown in Table II. Angiocardiography disclosed situs solitus 
with atrioventricular concordance and transposition of the 
great arteries with the aorta in /-position. There was a sub- 
aortic ventricular septal defect. 

Treatment: At operation, the ventricular septal defect 
could be seen only through a right ventriculotomy; its anatomy 
was identical to that described in Case 1. Closure was also as 
described in that case. The atrial septum was intact and, after 
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FIGURE 3. Case 4. Anteroposterior 
and lateral right ventricular angio- 
cardiogram. The aorta (Ao) arises 
from the right ventricle (RV) and is 
to the left of the main pulmonary 
artery (PA), opacified by the back- 
flow through the ventricular septal 
defect (VSD). Note the well-marked 
conal septum (CS). Note also, the 
right aortic arch (rA) with inversion 
of the head vessels. LV = left ven- 
tricle. 


partial resection of this structure, interatrial rerouting of blood 
was carried out as in Case 1. 

The child had an uneventful postoperative course, and was 
discharged 3 weeks after operation. He remains well and 
asymptomatic 1 year after discharge. 


Case 3 


This girl, cyanotic from birth, was first investigated in an- 
other hospital at age 1 week. Diagnosis of transposition of the 
great arteries with a high ventricular septal defect, an atrial 
septal defect and a patent ductus arteriosus was established. 
Because her condition deteriorated within a few weeks, closure 
of the patent ductus arteriosus and banding of the pulmonary 
artery were carried out. She was later admitted to the 
Brompton Hospital at age 28 months. 

Clinical findings: She was a small child with severe cya- 
nosis, clubbing of the fingers and toes and bulging of the 
sternum. She was ranked below the third percentile for weight 
and height. A grade 2/4 systolic ejection murmur was best 
heard at the lower left sternal border. The second heart sound 
was single. The hemoglobin was 20.6 g/100 ml. 

The electrocardiogram exhibited sinus rhythm with a QRS 
axis of +170°, together with right atrial and right ventricular 
hypertrophy. The heart was enlarged as judged from the chest 
roentgenogram, and the lung fields were plethoric. 

Special investigation: Repeat preoperative cardiac 
catheterization was carried out (Table II). Angiocardiography 
revealed situs solitus, atrioventricular concordance and l- 
transposition of the great arteries with a subaortic ventricular 
septal defect. The pulmonary artery, which arose from the 
morphologic left ventricle, was to the right and posterior to 
the aorta and was slightly opacified by contrast medium from 
the right ventricle passing through the defect. 

Treatment: With use of profound hypothermia and cir- 
culatory arrest, the ventricular septal defect was closed 
through a transventricular approach in the manner described 
in Case 1, since again its upper border was formed by the aortic 
root. The pulmonary artery was of good size, and no evidence 
of the pulmonary arterial band was found. Interatrial re- 
routing of the venous inflow was performed after resection of 
the intact atrial septum. 
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One year after operation the patient is asymptomatic and 
well. 


Case 4 Y 


This male infant, cyanotic at birth, was admitted to our 
hospital 2 weeks later. l 

Clinical findings: Cyanosis, hepatomegaly and peripheral | 
edema were present. The jugular venous pressure was in- 
creased. A grade 2/4 systolic ejection murmur was audible at | 
the left sternal edge. The remaining clinical findings were’ 
normal. Hemoglobin was 16.7 g/100 ml. 

The electrocardiogram revealed sinus rhythm with a QR 
axis of —130°. Right atrial and mild right ventricular hyper- 
trophy was present. The chest roentgenogram revealed slight 
cardiomegaly with plethoric lung fields. Displacement of the 
trachea to the left suggested a right aortic arch. Despite 
plethora, the main pulmonary artery was not visible. | 

Special investigation: Cardiac catheterization data are, 
presented in Table II. Angiocardiography revealed situs sol- 
itus, atrioventricular concordance and l-transposition of the 
great arteries. A large ventricular septal defect was identified © 
inferior to a well marked conal septum. A small patent ductus. 
arteriosus was present, and there was mild pulmonary stenosis 
(Fig. 3). 

Treatment: Definitive surgical correction was delayed until 
the child was 4 years, 7 months old. The external appearance 
of the heart and great vessels were as shown in Figure 4. Pro- 
found hypothermia and circulatory arrest were used to carry 
out the intracardiac repair. The ventricular septal defect was 
easily seen through the tricuspid valve, and was situated be- 
tween the conal septum and the anterior ventricular septum. 
It thus possessed completely muscular walls, and was closed 
through the tricuspid valve in the routine way. Interatrial 
rerouting of blood by means of an interatrial baffle was then 
carried out as in Case 1. 

Four days after operation the child had a grand mal seizure, 
but thereafter made an uninterrupted postoperative recovery 
and was discharged from hospital 21 days after admission. 
When seen 15 months after operation he was asymptomatic 
and well. | 
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Case 5 


This male infant was transferred to the Brompton Hospital 
because of severe cyanosis that was present from birth. 

Clinical findings: The infant was considered moribund 
with severe cyanosis and dyspnea. The heart sounds were 
normal and no murmurs were audible. The hemoglobin was 
18.7 g/100 ml. 

The electrocardiogram revealed sinus rhythm with a QRS 
axis of +150° and evidence of right ventricular hypertrophy. 


_ Chest roentgenograms disclosed an enlarged heart that was 


displaced to the left. Only the right lung vessels were seen, and 
these appeared to be slightly plethoric. 

Special investigation: Cardiac catheterization data are 
seen in Table II. Angiocardiography revealed the presence of 


. situs solitus, concordant atrioventricular relations and l- 
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transposition of the great arteries. A patent foramen ovale and 
patent ductus arteriosus were both present, but the ventric- 
ular septum was intact. At this investigation a balloon atrial 


. septostomy was performed, with good effect. 


FIGURE 4. Case 4. Intraoperative aspect of the heart and the great 
vessels. The aorta (Ao) is anterior and to the left of the main pulmonary 
artery (PA). Note the coronary arteries (white arrows, CA). Compare 
with this patient's angiocardiograms in Figure 3. 
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Treatment: After repeated upper respiratory tract infec- 
tions, the child underwent total correction of his cardiac 
anomaly at age 10 months. By then, the patent ductus arte- 
riosus had closed. The external appearance of the heart con- 
firmed that the aorta and the aortic valve were to the left of 
the main pulmonary artery. The atrial septal defect was en- 
larged, and rerouting of blood at the atrial level was carried 
out as previously described. 

The child was discharged 18 days after operation; when seen 
15 months later, he was asymptomatic and well. 


Case 6 


This male infant was transferred to the hospital at age 2 
weeks because of poor feeding, dyspnea and cyanosis. 

Clinical findings: The infant was cyanotic. The heart 
sounds were each single. A right ventricular impulse was 
palpable. A grade 2/4 systolic ejection murmur was audible 
at the left sternal edge. The liver was enlarged. Hemoglobin 
was 12.5 g/100 ml. 

The electrocardiogram demonstrated sinus rhythm with 
a QRS axis of +130° and mild ventricular hypertrophy. The 
chest roentgenogram revealed marked enlargement of the 
heart and plethoric lung fields. The left heart border was 
straight, suggesting the presence of a left-sided aorta. 

Special investigation: Cardiac catherization data are 
shown in Table II. Angiocardiography demonstrated situs 
solitus, atrioventricular concordance and /-transposition of 
the great arteries with a small ventricular septal defect. A 
balloon atrial septostomy resulted in good clinical improve- 
ment. In a repeat investigation, performed at age 18 months, 
the ventricular septal defect was found to be closed (Fig. 5, A 
and B). 

Treatment: Surgical correction of the anomaly was carried 
out by enlargement of the patent foramen ovale and place- 
ment of an interatrial baffle for the rerouting of venous inflow 
of blood. 

This child was discharged 14 days after operation. He has 
since been followed up for 2 years and is asymptomatic and 
well. 


Discussion 


All six patients manifested situs solitus in association 
with atrioventricular concordance and transposition of 
the aorta and pulmonary artery. Therefore, complete 
transposition of the great arteries was physiologically 
present. However, in each case the aorta and the aortic 
valve were to the left of the pulmonary artery and valve, 
occupying the position more usually associated with 
physiologically corrected transposition. Despite this 
unusual aortic position, the cases presented as would 
be expected for complete transposition. Thus, all pa- 
tients had signs of severe cyanosis, and most became 
severely ill soon after birth. As judged by chest roent- 
genogram, cardiomegaly and pulmonary plethora were 
present in all cases. However, an unusual roentgeno- 
graphic feature for complete transposition, a straight 
left heart border, was observed in half of our cases. The 
electrocardiographic characteristics were typical of 
complete transposition except for an unexplained su- 
perior QRS axis (—130°) in one case. 
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FIGURE 5. Case 6. Angiocardio- 
grams. A and B, anteroposterior 
and lateral right ventricular angio- 
cardiogram. The aorta (Ao) arises 
from a morphologic right ventricle 
(RV). C and D, the left ventricular 
angiocardiogram shows that the 
pulmonary artery (PA) arises from 
the morphologic Jeft ventricle (LV) 
but lies to the right of the aorta. 


In all six cases, both a left-sided aorta and atrioven- 
tricular concordance were conclusively demonstrated 
with angiocardiography (Fig. 1 and 3 to 6). Our data 
thus indicate that the left-sided aorta is of little clinical 
significance. Indeed, in our Cases 4 to 6, the unusual 
aortic position did not alter surgical management. In 
Case 4 a malalignment defect was closed by way of the 
tricuspid valve, and in Cases 5 and 6 routine intraatrial 
rerouting of venous return was performed. In these 
cases, therefore, the /-positioned aorta had primary 
significance for classification and terminology, as will 
be discussed later. However, in our first three cases, the 
finding of a subaortic defect made it necessary to use a 
ventricular approach to effect closure. Idriss et al.6 in 
their recent study suggest that such defects are rare in 
complete transposition; they encountered only 8 in 86 
cases, and did not specify whether the aorta in those 
cases was right- or left-sided. It is surprising that in our 
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small series of six cases with complete /-transposition, 
half should have such a high subaortic defect, and it is 
noteworthy that Quero-Jiminez and Perez Martinez? 
have recently described this same combination. We will 
therefore consider its significance for surgical man- 
agement in more detail before discussing the signifi- 
cance of the /-transposed aorta in relation to terminol- 
ogy and classification. 


Surgical Management 


Profound hypothermia and circulatory arrest? were 
used to allow the intracardiac repair in these cases but, 
in Cases 1 to 4, routine cardiopulmonary bypass was 
additionally used because the intracardiac repair could 
not be achieved within 60 minutes. In all cases, an in- 
traatrial baffle was routinely placed as for complete 
transposition since these cases are indeed examples of 
complete transposition. When an associated ventricular 
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-~ septal defect was present, closure was first attempted 
_ through the tricuspid valve since this procedure is 
usually successful in complete transposition. However, 
in Cases | to 3, the defect could not be seen by this route 
and could be located only through a right ventriculo- 
tomy high in the infundibulum of the right ventricle, 
immediately inferior to the aortic valve ring (Fig. 2). The 
. subsequent absence of right heart failure in the post- 
. Operative period in these patients was attributed to this 
~ high position of the ventriculotomy, which places the 
. incision in the “least” contractile part of the important 
— systemic ventricle. 
_ In addition to their unusual position, the septal de- 
.. fects also presented unusual problems for closure. The 
_ boundaries were inferiorly the crest of the ventricular 
. septum and superiorly the under side of the posterior 
__ half of the aortic valve (Fig. 2B). Closure could therefore 
— be achieved only by attaching the patch to the under 
- side of the aortic valve ring proper and also to the su- 
. perior border of the crest of the septum (Fig. 2B). None 
- of our patients had severe pulmonary stenosis. However, 
. Imamura et al.? have described two patients who had 
d-transposition and a subaortic ventricular septal de- 
fect. Both patients had severe pulmonary stenosis, and 
. total correction was achieved with the method of Ras- 
j telli.!? Such intraventricular rerouting of left ventricular 
_ blood into the aorta, followed by a Rastelli procedure, 
- is an alternative method of treating patients with a 
 Subaortic ventricular septal defect even in the absence 
. of pulmonary stenosis because it obviates intraatrial 
. rerouting and leaves the morphologic left ventricle as 
< the systemic ventricle. Nevertheless, all of our patients 
“have shown satisfactory progress in 1 to 2 years of fol- 
low-up and have no evidence of pulmonary vascular 
isease. One patient has evidence of aortic incompe- 







tence attributable to the repair. 





_ FIGURE 6. Superimposition of the outlines of the right ventricle and 

~ aorta (solid line) and left ventricle and main pulmonary artery (dotted 

—. line) obtained from synchronous angiocardiograms in Cases 1 to 6. The 
angiocardiograms of Cases 1, 4 and 6 are also illustrated in Figures 1, 
3 and 5, respectively. 
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Morphologic Considerations 


Our six patients have physiologically uncorrected 
transposition of the great vessels since transposition is 
associated with situs solitus of the atria and viscera and 
concordant atrioventricular relations. For most pur- 
poses the six cases are indistinguishable from cases of 
classically complete transposition. Paul et al.! indicated 
that in classic complete transposition with a d-bulbo- 
ventricular loop the aortic valve is almost invariably 
higher and to the right of the pulmonary valve. In our 
cases, both angiocardiography and direct inspection at 
operation revealed the aorta to be located anteriorly and 
to the left of the pulmonary artery. 

The “loop rule": Exceptions to the so-called loop 
rule of Van Praagh!! have been documented, and it 
seems probable that they occur more frequently than 
suggested. Carr et al.? reviewed 109 consecutive biven- 
tricular biplane cardiac angiograms of patients with 
simple transposition of the great arteries with regard to 
the “predictive accuracy" of the “loop rule". They found 
that the prediction was correct in 69 percent and was 
incorrect in 17 percent; in 14 percent there was no pre- 
diction because the two great vessels were superim- 
posed. According to the phase of the cardiac cycle, the 
relations were sometimes right to left, and sometimes 
left to right. Patients with pulmonary stenosis were 
excluded because Barcia et al.,!2 in 114 angiocardi- 
ographically documented cases of transposition of the 
great arteries, found 7 with slightly leftward displace- 
ment of the aorta. They classified these cases as d- 
transposition, because they believed that accompanying 
severe pulmonary stenosis was responsible for the 
clockwise rotation of the heart and angulation at the 
level of the stenosed pulmonary valve. Only one of our 
six patients (Case 4) had pulmonary stenosis; , it was 
moderate and required no surgical treatment. A similar 
proportion of patients with transposition whose ana- 
tomic features transgressed the “loop rule” was ob- 
served in a recent study at Killingbeck Hospital, Leeds, 
England.J? Thus it is our opinion that there is a need to 
distinguish the /-positioned aorta from the d-positioned 
aorta in patients with “classically complete transposi- 
tion." We suggest that this can be accomplished by re- 
ferring to “complete d transposition" or “complete l- 
transposition." However, it is necessary to expand this 
statement in terms of morphogenesis. 

Morphogenesis: Contemporary opinion regarding 
the terminology and designation of various types of 
transposition and malposition of the great vessels in 
relation to the ventricles varies.1^15 Several investiga- 
tors have shown that a spectrum of cardiac anomalies 
exists between classically complete transposition and 
double outlet right ventricle with d-malposition,!6:17 
and Kinsley et al.!5 have recently reported on the vari- 
ety of positional anomalies of the conotruncus, stressing 
the classification and difficulties encountered in their 
surgical correction. The development of the conus is 
thought to play a part in the final interrelation of the 
great vessels and ventricles.!-4:1116.17 In complete d- 
transposition, with or without a ventricular'septal de- 
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fect, a subaortic conus is normally present. However, in 
three of our cases, the conal septum was grossly defi- 
cient, so that the aortic valve ring approximated the 
pulmonary valve ring. This feature may have permitted 
the aortic valve to fall to the left and assume a position 
with partial overriding of the morphologic left ventricle. 
Indeed, this anomaly could be considered an interme- 
diate form toward double outlet left ventricle. None- 
theless, this cannot be the full explanation of the l- 
transposed aorta because the ventricular septum was 
intact in our Cases 5 and 6. Equally, it is evident from 
our cases that the /-position is referable neither to 
pulmonary stenosis nor to scoliosis.!? 

It is possible that the levopositioned aorta is simply 
the result of additional conal rotation.!6 Nevertheless, 
the conal morphologic features in complete /-transpo- 
sition are similar to those of the normal heart, except 
that the aorta and pulmonary artery are reversed. As 
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such, the “straight septum hypothesis" promoted by 


Van Mierop and Wiglesworth!? would serve to explain 4 


the arterial position. However, although the genesis of 
the anomaly remains equivocal, there is no doubt that 
these are cases of transposition. If one accepts the recent 
definition of Van Praagh? that transposition exists only 
when both arteries arise from separate morphologically 
inappropriate ventricles, and further accepts that this 
definition conveys no information concerning atrio- 
ventricular relations, then one can speak of complete 
l-transposition without fear of producing confusion. 
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Pulmonary angiograms, radionuclide lung images and chest roentgeno- 
grams were evaluated regarding the incidence, magnitude and natural 
evolution of maldistribution of the pulmonary blood flow between the lungs 
in 63 patients with dextrotransposition of the great arteries. Approximately 
half of these patients had some degree of greater perfusion of the right 
relative to the left lung. A significant correlation was demonstrated be- 
tween the incidence of this maldistribution of blood flow and the angulation 
between the main and the right pulmonary arteries. For any given angu- 
lation between these vessels, additional pulmonary stenosis increased 
the incidence of disparity in perfusion. 

Our observations suggest the following developmental mechanisms: 
The maldistribution in flow results from the abnormal rightward inclination 


` of the main pulmonary artery in the transposition malformation which 


straightens the flow axis from the main to the right pulmonary artery. Under 
these circumstances the momentum of the blood in the main pulmonary 
artery carries the blood preferentially into the right pulmonary artery. This 
momentum is increased when there is stenosis of the left ventricular 
outflow tract. Consequent differences in the mechanical properties of the 
two pulmonary vascular beds can increase this maldistribution. The dis- 
parity in perfusion between the lungs is not present in newborns with 
d-transposition, appears to be progressive in severity and in time may 
result in almost complete cessation of effective perfusion of the left lung. 
The effect of the Mustard operation on this abnormality of flow is dis- 
cussed. 


Unequal distribution of the pulmonary blood flow between the right and 
left lungs has been reported in a variety of congenital cardiac malfor- 
mations even when unilateral pulmonary arterial branch stenosis or 
atresia is not present!-!? (Table I). Several reports!912.13 have described 
relatively decreased blood flow to the left pulmonary artery in d-trans- 
position of the great arteries. Because of these reports, we reviewed the 
roentgenographic, angiographic, hemodynamic and radionuclide lung 
imaging findings in all infants with d-transposition undergoing evalu- 
ation before corrective surgery. Our findings indicate a significantly 
greater frequency of abnormal distribution of pulmonary blood flow in 
patients with d transposition than is implied by the paucity of published 
reports. 


Material and Methods 


Case material: Sixty-three patients with d-transposition of the great arteries 
had adequate angiograms of the pulmonary vascular bed for satisfactory qual- 
itative analysis of the blood flow distribution between the right and left lungs 
and for an estimate of the relative blood flow velocity in each lung.. This study 
was restricted to patients with normal visceral situs, concordant atrioventricular 
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TABLE I 


Reported Observations on Distribution of Pulmonary Blood Flow to the Right and Left Lungs in Patients With Congenital 
Heart Malformations 
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Pulmonary 

Author Year Diagnosis Blood Flow Method of Observation 
Cleland et al.’ 1957 d-TGA + PS R>L X-ray; angiography 
Fleming? 1959 ASD R>L X-ray; bronchospirometry 
Dollery et al.? 1961 PVS:ToF L>R C! 50, inhalation 
Ellis et al.* 1962 I-TGA R>L X-ray; angiography 
Garfunkel and Kirkpatrick? 1963 PDA R>L X-ray 
Whitley et al.° 1963 PDA, VSD, ASD R>L X-ray; angiography - 
Wilson and Amplatz? 1967 ToF R>L X-ray; angiography 
Friedman et al.* 1968 PDA R>L 131 l--macroaggregated albumin 2 
Chen et al.? 1969 PVS L>R X-ray; angiography; '*'l-macroaggregated albumin — 
Davies and Dow'? 1971 I-TGA R>L !31 1: macroaggregated albumin; angiography 
Lin 197,1 ToF R>L '31|_macroaggregated albumin i 
Paul’? | 1971 d-TGA R>L X-ray; angiography; 113™indium ferric hydroxide — 
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ASD = atrial septal defect; d-TGA = dextrotransposition of the great arteries; L = left lung; /-TGA = levo-(corrected) transposition of great ar- - 
teries; PDA = patent ductus arteriosus; PS = pulmonary stenosis; PVS = pulmonary valve stenosis; R = right lung; ToF = tetralogy of Fallot; 
VSD = ventricular septal defect. 


(A-V) relation and d-transposition of the great arteries. Pa- to avoid preferential delivery of the agent into either of the _ 


tients with associated single ventricle, double outlet right 
ventricle, persistent common A-V canal or atresia of a semi- 
lunar or A-V valve were not included. Infants with patent 
ductus arteriosus persistent after age 2 months were excluded 
because of the possibility that even a small patent ductus 
could significantly influence blood flow distribution between 
the two lungs. Patients with a partial venous switch operation 
(Baffes procedure), systemic to pulmonary artery anastomosis 
or pulmonary arterial banding were also excluded from this 
study because of the possibility of operatively induced ab- 
normal distribution of the pulmonary blood flow. 

The age of these patients ranged from 2 months to 3 years 
(mean 18.5 months) at the preoperative cardiac catheteriza- 
tion in which pulmonary blood flow distribution was analyzed. 
Observations made in infants younger than 2 months are not 
included in this overall analysis because of the possible per- 
sistence of patent ductus arteriosus. The angiographic ob- 
servations in infants less than 2 months old and in 12 infants 
who had radionuclide lung imaging before the age of 2 months 
are considered in our study of the evolution of pulmonary 
perfusion patterns with age. 

Fifteen patients were reevaluated after the Mustard oper- 
ation to assess the effect of physiologic correction on the dis- 
tribution of blood flow between the two lungs. 

There were 59 infants with an intact ventricular septum or 
an anatomically small ventricular septal defect and four with 
a large ventricular septal defect. The pulmonary artery was 
entered in 62 patients, and both pulmonary arterial branches 
were explored in 27; in the others, the absence of branch ste- 
nosis was assessed with pulmonary venous wedge pressure 
determinations and angiography. Twenty-five patients with 
a peak systolic pressure difference of more than 20 mm Hg 
between the left ventricle and main pulmonary artery were 
considered to have significant pulmonary stenosis. 

Methods: Pulmonary blood flow was estimated in most 
patients by the Fick method using measured oxygen con- 
sumption values according to the method of Wessel et al.!4 

Angiocardiography: All 63 patients had cut-film angio- 
grams or 35 mm cineangiograms for assessment of the arterial 
and venous opacification pattern and the relative transit time 
of the contrast material in the two lungs. In most patients the 
contrast agent (Renovist? or Renografin®-76) was injected into 
the left ventricle rather than into the main pulmonary artery 
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two branches. In patients with a large ventricular septal defect, 
however, the contrast material was generally injected into the 
main pulmonary artery just distal to the valve to avoid visu- 


alization of the aorta and the collateral pulmonary circula- — 


tion. 

The angiographic appearance of the pulmonary vascular 
bed in each lung was assessed and classified as (1) greatly 
diminished, (2) diminished, (3) normal, (4) increased or (5) 
greatly increased. The relative transit time of the contrast 
agent across the two lungs (time elapsed between injection of 
the contrast material and its appearance in the pulmonary 


veins) was assessed and classified as (1) equal in both lungs, - 
(2) slightly delayed on one side, (3) moderately delayed on one 


side, (4) greatly delayed on one side and (5) with no visual- 
ization of pulmonary veins on one side. These two assessments 
were combined for an overall angiographic classification of 
pulmonary blood flow distribution between the two lungs (Fig. 
1): N, normal or equal; 1+, slightly unequal; 2+, moderately 
unequal; and 3+, greatly unequal. 


Radionuclide lung imaging: This procedure was per- . 
formed in 31 patients. Radionuclide (iodine-131—macro- . 


aggregated albumin and technetium-99m-human albumin) 


microspheres were used. These particles were injected either _ 


into the left ventricle at the end of catheterization or into a 
peripheral vein subsequent to catheterization. Eight patients 
had injections at both sites approximately 24 hours apart. The 
following classification of the distribution of the radionuclide 
between the two lungs was used: N, normal (dominant side less 
than 55 percent); 1+, slight disparity (dominant side 56 to 65 
percent); 2+, moderate disparity (dominant side 66 to 75 


percent); 3+, great disparity (dominant side 76 percent or 


greater). 


The chest roentgenograms were assessed in 56 patients © 


regarding the pulmonary vascular markings in each lung, using 
the same classification as for the angiograms. 
The results of angiographic, radionuclide and roentgeno- 


graphic assessments were compared in each patient and a final . 


category was assigned based on the method indicating the 
greatest degree of difference in pulmonary perfusion. 


Results 


An abnormal distribution of the pulmonary blood | 


flow favoring the right lung was present in approxi- 
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mately half of the infants and children with d-trans- 
position of the great arteries evaluated before corrective 
surgery (Table II). In no patient was the pulmonary 
blood flow judged to be greater in the left lung by the 
final combined assessment. 

Selective left ventricular angiography and radionu- 
clide lung imaging were judged equally sensitive in es- 
tablishing the presence and assessing the degree of the 
disparity of perfusion of the right and left lungs. The 
chest roentgenogram was a less sensitive indicator, 
especially of lesser degrees of disparity. 

Angulation between main and right pulmonary 


. arteries: The distribution of the pulmonary blood flow 
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between the two lungs was examined in relation to the 
angulation between the main and right pulmonary ar- 
teries. In the anteroposterior angiographic projection, 
three distinct configurations of the pulmonary artery 
and its bifurcation were recognized on the basis of this 
angulation (Fig. 2): a vertically arising main pulmonary 
artery with an angle of about 90° between the main and 
right pulmonary arteries (type A); moderate rightward 
inclination of the main pulmonary artery with an angle 
of approximately 120° (type B); marked rightward in- 
clination of the main pulmonary artery resulting in an 
angle of about 135° (types C and D). In subtype D, there 
was frequent additional significant left ventricular 


FIGURE 1. Pulmonary angiogram in d-transposition of 
the great arteries. A, normal right-left distribution of the 
pulmonary blood flow; B, C, and D, slightly, moderately 
and greatly unequal (preferential rightward) distribution, 
respectively. 


FIGURE 2. Angulation between the main and right pul- 
monary arteries in d-transposition. A, vertical main pul- 
monary artery with a 90° angle between the main and 
right pulmonary arteries; B, modest rightward inclination 
of the main pulmonary artery with an angle of approxi- 
mately 120°; C, greater rightward inclination of the main 
pulmonary artery with an angle of approximately 135°; 
D, similar angle as in group C but with excessive sub- 
pulmonary conal tissue. 
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outflow tract obstruction due to a subpulmonary 
conus. | 

Of 18 patients who had a 90? angle between the main 
and right pulmonary arteries (type A), only 4 (22 per- 
cent) had a disparity in blood flow distribution, and in 
each the disparity was mild (1+) (Table III). However, 
when this angle was about 135? (types C and D), 14 of 
19 patients (74 percent) had preferential distribution 
of pulmonary blood flow to the right lung and, in all but 
1 patient, this disparity was moderate or great (2+, 
3+). 

Peak systolic pressure differences: The incidence 
of increased right pulmonary blood flow was also related 
to the presence of significant peak systolic pressure 
differences between the left ventricle and pulmonary 
artery (Table III). With each type of configuration (A 
to D), a larger proportion of patients with a peak systolic 
pressure difference of 20 mm Hg or more had increased 
right pulmonary blood flow by comparison with patients 
who had no such pressure differences. Of 62 patients, 
25 had subpulmonary stenosis and 18 (72 percent) of 
these had an increased right pulmonary blood flow; in 
contrast, of 37 children without stenosis, only 14 (38 
percent) had this disparity in perfusion. 
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disparity in perfusion of the two lungs, we studied pa- — 


tients with an abnormal angulation between the main 
and right pulmonary arteries (types B and C) but 
without left ventricular outflow tract stenosis. Whereas 
9 of 16 patients (56 percent) with a pulmonary flow 
index greater than 5 liters/min per m? had preferential 


flow to the right lung, a comparable proportion of pa- . 


tients (5 of 10 [50 percent]) with an index smaller than 
5 liters/min per m? also had this disparity. This finding 
suggested that there is no apparent correlation between 
magnitude of pulmonary blood flow and maldistribu- 
tion of flow. However, since the flow index was calcu- 
lated by the Fick method, some of the data, especially 


the higher flow values, may not be sufficiently reliable — 


for such correlative analysis. 
Radionuclide studies performed in 12 infants aged 





| 


5 to 60 days indicated relatively equal perfusion of the ~ 


two lungs in all but 1 infant (Table IV). Nine of these’ 
infants had follow-up studies 5 to 35 months later, and - 


in 5 perfusion of the right lung had increased by an av- 


erage of 15 percent. 


Illustrative case: The patient who first brought the pat- - 


tern of abnormal distribution of pulmonary blood flow in 
transposition of the great arteries to our attention illustrates 


Magnitude of pulmonary blood flow: To assess the 
effect of the magnitude of pulmonary blood flow on the 


some previously undescribed aspects of pulmonary circulatory — 

dynamics that can be associated with advanced degrees of - 
maldistribution. In this patient, transposition of the great - 

arteries with intact ventricular septum and small patent — 
ductus arteriosus was diagnosed at the initial cardiac cathe- — 
terization at age 5 days. The peak systolic left ventricular - 
pressure was 27 mm Hg. The left ventricular angiogram (Fig. - 
3A) showed that the contrast material was distributed sym- - 

metrically to the two pulmonary arterial branches. 


TABLE II 


Pulmonary Blood Flow Distribution to the Right and Left 
Lungs in 63 Cases of Dextrotransposition of the Great 

















Arteries , vbt | 
At the second cardiac catheterization at age 22 months, . 
Pulmonary Blood Flow Distribution the peak systolic pressure was 36 mm Hg in the left ventricle 
and 12 mm Hg in the main pulmonary artery and both 
Total Grade (no.) 8 p y y h 
Method of Cases Equal Unequal 
Observation (no.  (no.) no. 96 1+ 2+ 3+ 
X-ray 56 33 23 (41) 16 6 1 TABLE IV 
Angiography 63 30 33 (52) 12 15 6 3 : 
Radionuclide 31 16 15 (48) 5 5 5 Radionuclide Image Assessment of Pulmonary Blood Flow 
lung scan Distribution to the Right and Left Lungs in 
Dextrotransposition of the Great Arteries* 
PBF PBF 
Case Age Age 
TABLE Ill no. (days) %R %L (mo) %R %L 
Abnormal Right Dominant Distribution of Pulmonary 1 5 50 50 gt 73 3] 
Blood Flow as Related to Angulation Between Main and 2 7 51 49 10 54 46 . 
Right Pulmonary Arteries and Peak Systolic Pressure 3 8 53 47 I d. 23 
Difference (D) Between the Left Ventricle and Main 4 11 47 53 271 57 43 
Pulmonary Artery* 5 13 59 41 1f 77 23 
cx Cae 0st NB PRSE ED MI NU. 2 DEDE SM TRIN EEG |. 6 26 54 46 5t 64 36 
/ 7 28 55 45 9 54 46 
ME Cen 8 34 56 44 36 53 47 
Pulmonary 90° (A) 120° (B 135° (C,D 9 39 46 54 9 52 48 
Blood Flow SOLUS A Ate Tuba d SUCTUS Russ PAREN 10 45 52 48 — — — 
Distribution D<20 D>20 D«20 D»20 D<20 D>20 Total 11 48 55 45 — e =- 
12 60 49 51 14t 62 38 . 
R-L 9 5 9 2 5 0 30 Mean 27 52 48 121 67! 33t 
R>L, 1+ A 92 3 4 0 1 12 +SD 3.8 3.8 
RSL 2+ 3+ 0 0 4 s. 5 8 20 
Total | 11 7 16 9 10 9 62 *The studies were performed in 12 infants aged 5 to 60 days and 


repeated in 9 infants at ages 5 to 36 months. 

TData in second study revealed significant right dominant mal- 
distribution of pulmonary blood flow. 

L = left lung; PBF = pulmonary blood flow; R = right lung; SD = 
standard deviation. 


*Peak systolic pressure differences are expressed as mm Hg. Dif- 
ferences greater than 20 mm Hg were considered hemodynamically 
significant; It = left lung; MPA = main pulmonary artery; R = right 
lung; RPA = right pulmonary artery. 
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. branches. Because the left ventricular angiogram (Fig. 3B) 
_ showed nearly total nonopacification of the left pulmonary 
_ arterial branches, thrombosis of the left pulmonary artery was 
suspected. Of the radionuclide microspheres injected into the 
. left ventricle at cardiac catheterization 91 percent were dis- 
_ tributed to the right and 9 percent to the left lung. À selective 
. cineangiogram of the left pulmonary artery illustrated systolic 
. filling of some small branches (Fig. 4A); however, during 
diastole (Fig. 4B), the contrast material returned in a retro- 
grade direction to the main pulmonary artery and thereafter 
flowed into the right pulmonary artery. A selective cinean- 
giogram of the descending aorta demonstrated prominent 
bronchial collateral circulation to the left lung with the con- 
trast material flowing retrograde toward the main and right 
pulmonary arteries in a manner similar to that noted after 
f selective left pulmonary arterial injection. 
Corrective surgery (Mustard procedure) was carried out 
at age 26 months and the left pulmonary artery was found to 
_ be soft and apparently free of thrombosis. The left pulmonary 
venous orifices were smaller than the right orifices, presum- 
ably because of long-standing decreased pulmonary venous 
return from the left lung. 

In a postoperative left ventricular angiogram 2 years later, 
the left pulmonary artery again did not opacify. Prominent 
bronchial collateral vessels provided the only blood flow to the 
peripheral left pulmonary artery from which retrograde dia- 
stolic flow into the main pulmonary artery was again ob- 
served. 


Discussion 


As early as 1957, Cleland et al.! pointed out that in 
patients with d-transposition of the great arteries, 
failure of the left pulmonary artery to visualize angio- 

graphically could not be interpreted as evidence of 
_atresia or absence of this artery. They postulated that 
- both the posterior position of the main pulmonary ar- 
_tery and the small size of the left branch were respon- 

sible for the poor visualization in the angiograms. 

- Davies and Dow!? noted increased vascular markings 
.in the right lung and a dilated right pulmonary artery 
in patients with corrected /-transposition of the great 
arteries and attributed these findings to a peculiar in- 

clination of the pulmonary outflow tract and of the main 
pulmonary artery. Shaher et al.!? suggested that the di- 
latation of the right pulmonary artery in d-transposition 
resulted from an alignment of the right and main pul- 
monary arteries and from a streaming or jetting of blood 
from the left ventricle in the direction of the right pul- 
monary arterial orifice. 
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FIGURE 3. Illustrative case. Normal right-left distribution 
pattern in infant with d-transposition at 5 days (A), and 
grossly abnormal right dominant pattern in same child at 
age 22 months (B). 


Unilateral preferential pulmonary blood flow has 
been demonstrated in isolated pulmonary valve stenosis 
by Chen et al.? and in tetralogy of Fallot by Wilson and 
Amplatz.’ Formation of a jet and an abnormal angula- 
tion between the main pulmonary artery and the two 
branches were considered responsible for the asym- 
metric distribution of the pulmonary blood flow in these 
lesions. 

Findings in patients with maldistribution of 
pulmonary blood flow: In our patients with d-trans- 
position, we found a large incidence of an exaggerated 
rightward inclination of the main pulmonary artery with 
a resulting increase of the angulation between the main 
and right pulmonary arteries (Fig. 2). There was a def- 
inite relation between the extent of preferential blood 
flow to the right lung and the degree of rightward in- 
clination of the main pulmonary artery (Table IIT). 
Furthermore, for any given degree of rightward incli- 
nation of the main pulmonary artery, the incidence of 
perfusion disparity was increased when peak systolic 
pressure differences between the left ventricle and the 
main pulmonary artery exceeded 20 mm Hg. 

In patients with extreme maldistribution of pulmo- 
nary blood flow, we observed an anomalous flow pattern 
in the pulmonary arteries. Although some forward 
systolic filling of larger left pulmonary arterial branches 
can be visualized with selective angiography (Fig. 4A), 
in cases with severely reduced left lung perfusion, we 
have observed diastolic reversal of flow in a retrograde 
direction from these branches toward the right pul- 
monary artery (Fig. 4B). This retrograde pattern of 
diastolic flow from the left pulmonary artery has also 
been observed when the contrast material enters 
through the bronchial collateral circulation or through 
a surgical anastomosis. 

Maldistribution of the pulmonary blood flow in in- 
fants with d-transposition seems clearly age-related, 
and has not been observed with angiography in the 
neonatal period. The youngest infant in our study 
manifesting significant right-sided flow dominance in 
angiograms was 3 months old. Twelve neonates with 
d-transposition had radionuclide studies that confirmed 
the occurrence of essentially normal and equal distri- 
bution of pulmonary perfusion at this age (Table IV). 
Five of these infants manifested significant right-sided 
dominance 5 to 27 months later without any irttervening 
surgery. 
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FIGURE 4. Same case as in Figure 3. Selective angiograms with in- 
jection into the left pulmonary artery (LPA) showing systolic filling (A) 
of several branches. During diastole (B), the contrast material returns 
in a retrograde direction to the main and right pulmonary arteries 
(RPA). 


Hydraulic factors: When the angle between the 
main and right pulmonary arteries is increased and the 
flow axis straightened, the momentum of the blood in 
the main pulmonary artery carries the blood preferen- 
tially into the right pulmonary artery. An increased 
velocity of blood will enhance this momentum effect. 
Pulmonary stenosis as such increases the velocity of 
blood by jet formation, and an increase in left ventric- 
ular output can also result in a greater velocity of blood 
in the pulmonary artery if the pulmonary valve orifice 
or the pulmonary arterial lumen does not enlarge pro- 
portionately. 

'The effect of the momentum of the blood on the flow 
distribution at the bifurcation is illustrated with a 
simple inverted T-section model (Fig. 5); limb B is a 
direct extension of limb A, whereas limb C is perpen- 
dicular to limb A. Limbs B and C are terminated with 
equal resistances (R), and the inflow into limb A dis- 
tributes into outflows through B and C. The pressure 
(P) would drive an equal flow through equal resistances 
(R), but the kinetic energy of the inflow favors flow in 
the straight direction toward B. The extent of the mo- 
mentum effect depends on the relative proportions of 
the kinetic energy to the pressure (P). If the kinetic 
energy (1/2 p v?; in which p = density and v = velocity) 
is much smaller than the pressure, as a result of either 
low velocity or high pressure, the momentum effect will 
not be significantly operational in the model. An in- 


R hl 
B R 
; — 


m 


lo, 


FIGURE 5. Model of a bifurcation to demonstrate the effect of the kinetic 
energy of the inflow (Q;) into limb A on the distribution of flow to limbs 
B and C. P = pressure; R = resistance. 


crease in velocity, decrease in pressure, or both, en- 
hances the momentum effect. Á 

Mechanical factors (pulmonary resistance and 
compliance): In addition to these local hydraulic fac- 
tors in the main pulmonary artery and at the bifurca- 
tion, certain mechanical properties of the vascular bed 
in the two lungs, such as peripheral resistance and © 
compliance, may greatly influence the distribution of | 
blood flow between the two lungs. ) 

The effect on flow distribution of the difference in . 
mechanical properties of the two lungs is demonstrated 
with a mathematical model of the pulmonary circulation — 
based on the Windkessel theory of Frank.!$ The left and 
the right pulmonary vascular beds are modeled with an © 
elastic reservoir (Windkessel) terminated with a resis- 
tance. There is no inclination of the main pulmonary . 
artery at the bifurcation (Fig. 6A). The systolic inflow - 
into the main pulmonary artery (Q;) is distributed into. 

a right (Qni) and left (Qi) pulmonary branch inflow. 
Part of this inflow passes through the resistances (Rr 
and R1) during systole. Because of the compliance of the 
two vascular beds (Cg and C1), part of the systolic in- - 
flow is stored and continues to flow through the resis- — 
tances during diastole. The driving force for the diastolic. 
flow is the energy stored in the distended elastic pul- - 
monary arteries. 

The pressure and flows are computed for a sinusoidal 
inflow (Q;) during systole assuming an oscillatory steady 
state. The increase in volume of each reservoir (Wind- | 
kessel) is assumed to be proportional to the increase in - 
pressure (that is, V = CP, where V = volume, P = 
pressure and C = compliance) and the outflow through 
each resistance is assumed to be proportional to the 
pressure difference across the resistance (that is, P — 
RQo, where R = vascular resistance and Qo = outflow); | 

If the resistance and the compliance of the right and 
left vascular beds are equal, the flow distribution will 
be symmetric (Fig 6B, curve A). If the vascular resis- 
tance in the left lung exceeds that in the right and the 
compliance in both lungs remains equal, the systolic 
inflow into the left pulmonary artery will be reduced 
and there will be a relatively large diastolic retrograde 
flow (Fig. 6B, curve B). If there are both increased 
vascular resistance and reduced compliance in the left 
lung, the systolic inflow will be further reduced and the 





E 
E diastolic retrograde flow will be smaller (Fig. 6B, curve 
^ . C) since the less compliant vascular bed in the left lung 


. cannot accommodate a significant systolic blood vol- 
. ume. 
: Abnormal developmental patterns with age: Our 
_ clinical observations and model analysis suggest the 
_ developmental mechanism outlined schematically in 
— Figure 7. 
E In the normal neonate (Fig. 7, stage N), the pulmo- 
. nary arterial pressure is initially increased, but de- 
. creases rapidly immediately after birth and more 
a gradually later in the neonatal period. The pulmonary 
- blood flow increases after ductal closure!’ and is dis- 
E tributed symmetrically between both lungs. Danilowicz 
— etal.!? demonstrated in the normal newborn infant and 
_ lamb that there is initially a marked disparity between 
_ the size of the pulmonary arterial trunk and the pul- 
. monary arterial branches presumably due to bypassing 
_ of the right ventricular output during fetal life by the 
ductus arteriosus away from the lungs. After ductal 
closure, the pulmonary arterial branches enlarge grad- 
ually over several weeks and eventually the pulmonary 
. vascular bed develops normally as a function of body 
- growth and normal increase in the pulmonary blood 
. flow. 
= Inthe neonate with d-transposition, the pulmonary 


bor 


Í blood flow is also distributed symmetrically between the 
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. two lungs (Table IV), even though many of these infants 
_ have significant rightward inclination of the main pul- 
monary artery (Fig. 7, stage 1). The momentum factors 
-. conducive to the development of preferential flow to the 
right lung are not yet effective since the kinetic energy 
of the blood in the main pulmonary artery is much 
smaller than the pressure. At this stage there is still 
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_ FIGURE 6. A, double Windkessel model of the pulmonary circulation to demonstrate the 
_ effect of the difference in mechanical properties (resistance and compliance) on the 
distribution of pulmonary blood flow. B, computed inflow into the left pulmonary artery 
(Qu). C = compliance; Q = flow; R = resistance. Subscripts: i = inflow; L = left lung; 


= outflow; R = right lung. 
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increased pulmonary arterial pressure secondary to a 
thick-walled pulmonary vascular bed and relatively low 
flow velocity. After the early neonatal period, the pul- 
monary arterial pressure decreases to normal, the mo- 
mentum effect becomes significant and, because of a 
favorable angulation, the blood flows preferentially into 
the right lung (Fig. 7, stage 2). 

Graham et al.!? and Keane et al.,?? using angiographic 
methods, noted that in d-transposition and intact 
ventricular septum the left ventricular output appeared 
to be normal before age 3 months but appeared to be 
increased after age 6 months. Fisher et al.?! observed 
that mild to moderate pressure differences between the 
left ventricle and main pulmonary artery often appear 
after the first few months of life and are frequently as- 
sociated with formation of a fibromuscular ridge on the 
ventricular septum. 

These two factors coming into play in early infancy 
can contribute to increased velocity of the left ventric- 
ular output. Since a definite relation between the inci- 
dence of maldistribution of pulmonary blood flow and 
left ventricular outflow stenosis could be demonstrated, 
and since we could find no conclusive evidence as to the 
effect of the pulmonary blood flow index based on the 
Fick method on this maldistribution, the increase of 
flow velocity as a result of pulmonary stenosis appears 
to be the more significant of these two factors. 

Once the preferential flow distribution to the right 
is established, there is a greater stimulus for pulmonary 
vascular growth on the right whereas the left pulmonary 
vascular bed becomes relatively hypoplastic because of 
a smaller perfusion (Fig. 7, stage 3). Although the 
pressures in both pulmonary arterial branches are equal, 
the vascular resistance in the left lung is relatively 
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greater and the compliance of the hypoplastic left pul- 
monary vascular bed is relatively less than in the right. 
These differences in the mechanical properties of the 
two lungs, acting in addition to the momentum effect 
at the main pulmonary arterial bifurcation, contribute 
further to the disparity of lung perfusion. 

The relative difference in vascular mechanical 
properties (resistance and compliance) between the 
right and the left lung appears to be progressive with age 
and, once hypoplasia of the entire left pulmonary vas- 
cular bed becomes marked, this maldistribution of flow 
will persist even if the abnormal angulation between the 
main and the right pulmonary artery is “normalized” 
(Fig. 7, stage 4). A shift of the mediastinum to the left 
as a result of a smaller left pulmonary vascular capacity 
can entirely eliminate the rightward inclination of the 
main pulmonary artery, yet the maldistribution persists 
presumably because of permanently altered mechanical 
properties of the vascular beds in the two lungs. At this 
stage the systolic filling of the left pulmonary artery is 
severely limited (Fig. 7, stage 4A), whereas during 
diastole (Fig. 7, stage 4B), retrograde flow from the left 
pulmonary artery occurs because of the relatively high 
resistance and the “Windkessel” effect. Flow to the left 
lung supplied by the bronchial collateral vessels or 
surgical systemic to pulmonary artery anastomoses also 
flows in a retrograde direction. 

Radionuclide lung imaging: This procedure has 
proved particularly useful for quantitative and follow- 
up studies. In patients with d-transposition, the site of 
injection of radionuclide may affect significantly the 
distribution pattern between the lungs. When the in- 
jection is made into the systemic venous circulation, 
significant bronchial collateral circulation, often greater 
in the left lung, may alter the pulmonary distribution 
pattern of radionuclide. Under such circumstances, the 
radionuclide enters the pulmonary circulation through 
a dual pathway: (1) through an intracardiac right to left 


FIGURE 8. Radionuclide and angiographic studies of 
pulmonary perfusion in a patient with transposition, 
ventricular septal defect and pulmonary stenosis, illus- 
trating contribution of bronchial collateral flow to left 
pulmonary vascular bed perfusion. A, lung image after 
injection of radionuclide into the main pulmonary artery 
(distribution 90 percent to the right lung, 10 percent to the 
left). B, angiogram with injection into the left ventricle (LV) 
indicating greatly diminished blood flow to the left lung. 
C, lung image after injection of radionuclide into a pe- 
ripheral vein (distribution 61 percent to the right lung, 39 
percent to the left). D, angiogram after injection into the 
right ventricle (RV) indicating prominent aortic collateral 
vessels to the left lung and massive opacification of the 
bel pulmonary artery through the ventricular septal 
efect. 
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shunt and the pulmonary artery, and (2) through 
bronchial collateral vessels from the aorta. Injection of 
radionuclide into the left ventricle or pulmonary artery 
at cardiac catheterization excludes the bronchial cir- 
culation and for a given patient usually indicates a 
greater disparity of flow favoring the right lung than is 


AGE STAGE PULMONARY CIRCULATION FACTORS 
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FIGURE 7. Anatomic and physiologic factors related to the development 
of an abnormal right dominant pulmonary blood flow pattern in d- 
transposition. a — proximal systemic-pulmonary shunt by way of sur- 
gical anastomosis into the left pulmonary artery; b — distal perfusion 


of the left pulmonary vascular bed by way of bronchial collateral vessels; f 


C = compliance; L = left pulmonary vascular bed; MPA-RPA angle = 
angulation between the main and right pulmonary arteries; N = normal; 
Qpr, Qp = pulmonary blood flow to the right and left lung, respectively; 
R = resistance; TGAD = d-transposition of the great arteries; + = in- 
creased; | = decreased. 
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evident from the peripheral systemic venous injection 
(Fig. 8). In eight of our patients who were studied using 
both injection sites, the distribution to the left lung after 
the systemic venous injection was increased in amounts 
up to 24 percent (mean 8.1 percent) over the distribu- 
tion measured by central pulmonary injection. 

These technique-dependent differences of radionu- 
clide distribution in d-transposition should be borne in 
mind when pre- and postoperative data are compared. 
After the Mustard operation, the systemic veins are 
directly connected to the pulmonary arterial circulation 
and the quantitative perfusion differences between 
venous and left ventricular or pulmonary arterial ra- 
dionuclide injections noted preoperatively should no 


longer exist. 


Effect of Mustard operation on pulmonary blood 


—. flow distribution: The question whether the Mustard 


operation will have an effect on the development of 


F . abnormal pulmonary blood flow distribution patterns 


in d-transposition deserves careful consideration. In 


assessing postoperative findings it is important to 
consider that available clinical evidence suggests that 
significant disparity in lung perfusion due solely to the 


. main pulmonary artery to right pulmonary artery an- 
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. gulation mechanism is unlikely to develop after the 1st 


year of life. Progression of an initially mild subpulmo- 
nary stenosis, however, could be responsible for the 
delayed appearance of flow maldistribution either be- 
fore or after operation. Morgan et al.!? and Vidne et al.?2 
reported the development or progression of preferential 
blood flow to the right lung after the Mustard operation. 
However, only one of the five patients of Morgan et al.1? 
with postoperative abnormal pulmonary blood flow 


_ distribution had angiographic evidence of normal dis- 
tribution shortly before the operation. In the study of 


Vidne et al.?? peripheral venous injections were used 
both before and after operation and this factor alone 
could be responsible for an apparent increase in post- 
operative perfusion disparity. 

Fifteen patients in our study had radionuclide lung 
imaging studies before and after the Mustard operation. 
In the 11 children who had pre- and postoperative pe- 
ripheral venous injections only, there was no consistent 
postoperative change in the distribution pattern. Six 
patients had a small (mean 4.7 percent) decrease and 
five had a modest (mean 8.8 percent) increase in the left 
lung perfusion measured, but this postoperative in- 
crease on the left could be explained by the use of pre- 
and postoperative peripheral venous injection sites. The 
four patients with valid comparisons based on preop- 


erative left ventricular radionuclide injections had no 
significant postoperative changes in pulmonary blood 
flow distribution. Furthermore, postoperative pulmo- 
nary angiograms in the entire group showed no overall 
changes in the distribution patterns. 

Certain intracardiac surgical procedures, neverthe- 
less, may influence the postoperative distribution of 
pulmonary blood flow: placement of an interatrial baffle 
so as to compromise either left or right pulmonary ve- 
nous return, resection of subpulmonary or pulmonary 
stenosis and closure of a ventricular septal defect. 

Clinical implications: The long-term implications 
of blood flow maldistribution between the two lungs in 
patients with d-transposition are only speculative. To 
date, we have been unable to attribute any clinical 
problems or symptoms to this pulmonary flow pattern 
after corrective surgery. Nevertheless, a marked de- 
crease in effective perfusion of an entire lung such as 
that observed in advanced cases cannot be considered 
insignificant. In the left pulmonary vascular bed, 
thrombotic changes may occur because of a local 
sluggish circulation, especially preoperatively when 
polycythemia is commonly present. In the right lung, 
however, pulmonary vascular obstructive changes may 
develop because of a persistently increased pulmonary 
blood flow. 

Further investigations are needed to determine 
whether the Mustard operation performed early, per- 
haps before age 6 months, could prevent the develop- 
ment of abnormal distribution of pulmonary blood flow. 
Although the main pulmonary artery to right pulmo- 
nary artery angulation, which we consider a principal 
factor responsible for flow maldistribution in d-trans- 
position, remains unaffected by this operation, correc- 
tion of the physiologic features of transposition may 
have a significant bearing on the evolution of the per- 
fusion abnormality. Early physiologic correction nor- 
malizes the increased pulmonary blood flow in d- 
transposition of the great arteries, and resection of 
significant pulmonary stenosis decreases the blood ve- 
locity and momentum in the pulmonary artery. These 
changes in hemodynamics may be sufficient to prevent 
progression from stage 1 to stage 3 (Fig. 7). Further- 
more, early perfusion of the coronary arteries with fully 
oxygenated arterial blood may prevent or reverse right 
ventricular dysfunction,” reduce the posterior bulging 
of the ventricular septum into the left ventricle and thus 
arrest the progression of left ventricular outflow tract 
stenosis, a factor in causing increased velocity and 
momentum of flow in the pulmonary artery. 


References 


1. Cleland WP, Goodwin JF, Steiner RE, et al: Transposition of the 
aorta and pulmonary artery with pulmonary stenosis. Am Heart J 
54:10-22, 1957 

2. Fleming HA: Differential lung function in atrial septal defect. Cir- 
culation 19:856-862, 1959 

3. Dollery CT, West JB, Wilcken DEL, et al: A comparison of the 
pulmonary blood flow between left and right lungs in normal 
subjects and patients with congenital heart disease. Circulation 
24:617—625, 1961 


4. Ellis K, Morgan BC, Blumenthal S, et al: Congenitally corrected 
transposition of the great vessels. Radiology 79:35-50, 1962 

5. Garfunkel JM, Kirkpatrick JA: Decreased vascularity of the left 
lung and unequal aeration of the lungs as a manifestation of patent 
ductus arteriosus. Am J Roentgenol 89:1012—1016, 1963 

6. Whitley JE, Rudhe U, Herzenberg H: Decreased left lung vascu- 
larity in congenital left to right shunts. Acta Radiol 1:1125-1131, 
1963 y 

7. Wilson WJ, Amplatz K: Unequal vascularity in tetralogy of Fallot. 


13. 


14. 


15. 


Am J Roentgenol 100:318-321, 1967 


. Friedman WF, Braunwald E, Morrow AG: Alterations in regional 


pulmonary blood flow in patients with congenital heart disease 
studied by radioisotope scanning. Circulation 37:747-758, 1968 


. Chen JTT, Robinson AE, Goodrich JK, et al: Uneven distribution 


of pulmonary blood flow between left and right lungs in isolated 
valvular pulmonary stenosis. Am J Roentgenol 107:343-350, 
1969 


. Davies H, Dow J: Differential pulmonary vascularity and the ori- 


entation of the right ventricular outflow tract with special reference 
to corrected transposition. Br J Radiol 44:258-264, 1971 


. Lin CY: Lung scan in cardiopulmonary disease. |. Tetralogy of Fallot. 


J Thorac Cardiovasc Surg 61:370-379, 1971 


. Paul MH: Transposition of the great arteries: physiologic data. In, 


The Natural History and Progress in Treatment of Congenital Heart 
Defects, chap 21 (Kidd BSL, Keith JD, ed). Springfield, Ill, Charles 
C Thomas, 1971, p 144 

Morgan JR, Miller BL, Daicoff GR, et al: Hemodynamic and an- 
giocardiographic evaluation after Mustard procedure for transpo- 
sition of the great arteries. J Thorac Cardiovasc Surg 64:878-89 1, 
1972 

Wessel HU, Rorem D, Muster AJ, et al: Continuous determination 
of oxygen uptake in sedated infants and children during cardiac 
catheterization. Am J Cardiol 24:376-385, 1969 

Shaher RM, Moes CAF, Khoury G: Radiologic and angiocardi- 
ographic findings in complete transposition of the great vessels 


VOL ER ET BCE SA TS 


PULMONARY BLOOD FLOW DISTRIBUTION IN TRANSPOSITION—MUSTER ET AL. 


» 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


"ud Um ape ug be cu 


mr a OE unit TSA Lm X "d 


with left ventricular outflow tract obstruction. Radiology 88: 
1092-1099, 1967 

Frank O: Die Grundform des arteriellen Pulses. Z Biol 37:483-526, 
1899 

Rudolph AM: The changes in the circulation after birth. Their im- 
portance in congenital heart disease. Circulation 41:343-359, 
1970 

Danilowicz DA, Rudolph AM, Hoffman JIE, et al: Physiologic 
pressure differences between main and branch pulmonary arteries 
in infants. Circulation 45:410-419, 1972 

Graham TP Jr, Jarmakani JM, Canent RV Jr, et al: Quantification 
of left heart volume and systolic output in transposition of the great 
arteries. Circulation 44:899-909, 1971 

Keane JF, Ellison RC, Rudd M, et al: Pulmonary blood flow and 
left ventricular volumes in transposition of the great arteries and 
intact ventricular septum. Br Heart J 35:521-526, 1973 

Fisher EA, Muster AJ, Lev M, et al: Angiocardiographic and ana- 
tomic findings in transposition of the great arteries with left ven- 
tricular outflow tract gradients (abstr). Am J Cardiol 25:95-96, 
1970 

Vidne BA, Duszynski D, Subramanian S: Pulmonary flow distri- 
bution in transposition of the great arteries (abstr). Am J Cardiol 
37:178, 1976 

Jarmakani JMM, Canent RV Jr: Preoperative and postoperative 
right ventricular function in children with transposition of the great 
vessels. Circulation 50:Suppl II:!l-39-Il-45, 1974 


PILIS 


Wu xe 


REVIEW 








Limitations of the Computer in Electrocardiographic 


Interpretation 


CESAR A. CACERES, MD, FACC 
Washington, D.C. 


E From the Department of Electrical Engineering, 


University of Maryland, College Park, Md. and 
Clinical Systems Associates, Inc., Washington, 
D.C. Manuscript received December 8, 1975; 
revised manuscript received January 26, 1976, 
accepted February 18, 1976. 

Address for reprints: Cesar A. Caceres, MD, 
Clinical Systems Associates, Inc., 1759 Que St. 
Northwest, Washington D.C. 20009. 


Use of the computer for electrocardiographic interpretation has steadily 
increased over the past decade. Although acceptance by a majority of 
physicians has been slower than originally anticipated, it now appears 
assured. Nevertheless, the approach has limitations. These are primarily 
a result of the lack of objectivity in clinical electrocardiographic criteria 
for both measurement and diagnosis. The limitations are best judged by 
reviewing experience with a variety of programs. Currently this still in- 
volves abstracting from the reports of developers. Although not all de- 
velopers have analyzed every portion of their programs, in general the 
data from one program apply to others; that is, all are with minor excep- 
tions at the same "'state of the art." Awareness of the limits of computer 
performance allows a physician to use the computer properly in his current 
electrocardiographic practice. 


Frost and Sullivan, Inc.,! a concern that studies markets and makes 
forecasts, has predicted that by 1980 more than 100 million electrocar- 
diograms will be obtained with computer assistance. They have stated: 
“To perform these services, $220 million worth of computer systems and 
$135 million of related terminals will be purchased; the annual expen- 
diture on these experiments by 1980 will be $70 million and $150 million, 
respectively. Supplies, maintenance and related services may reach $40 
million, and processing services using time-shared facilities or regional 
operations are conservatively estimated at $350 million. The federal 
government has already invested more than $11 million in bringing 
[computer-assisted electrocardiograms] from the laboratory to com- 
munity service." This concern has concluded that computer-assisted 
medical interpretative systems can now be made available to the primary 
care physician and has reported that responses to questionnaire surveys 
indicate that 78 percent of physicians are in favor of having computer- 
assisted electrocardiograms and other computer-assisted interpreta- 
tions. 

From the physician's view this means there is an immediate need to 
evaluate the current status of computer electrocardiography. Electro- 
cardiography led the way in bringing automation to data obtained di- 
rectly from the patient. For this reason significantly more has been 
published regarding computer use in this field than in others, and it is 
thus a good model to review. In fact, as other areas in cardiology begin 
to use computers, essentially the same research, developmental, im- 
plementation, evaluatory patterns and errors are being repeated. 


Available Computer Programs 


At least 50 groups in the United States now provide partial or completely 
automated electrocardiographic processing on a supplier basis to providers of 
care. There are numerous claims concerning the diagnostic capability, accuracy 
and reliability of these programs. Conferences on computer electrocardiographic 
processing have generated questions as well as clarification. Some have called 
for "certified" programs. But today this term means only that a program has 
been adapted for use in a specific computer; it does not refer to diagnostic ac- 
curacy as such. 
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Availability of easily applied performance standards would 
be a panacea. But, in the past most designers of electrocar- 
diographic programs had to devise their own tests of diag- 
nostic capability. Interestingly, this has resulted in generally 
similar statistics for each new program developed. Helppi et 
al.? suggest applying rigorous performance specifications for 
measurement programs and restricted specifications for the 
interpretative programs. They suggest that reports about the 
performance of computer programs be discontinued until 
more objective evaluation procedures are developed. However, 
in view of the differing characteristics of the various programs, 
the best evaluation for the next decade may simply be to test 
that the program does what its developers' specifications claim 
it does. 

Milliken et a1.?-? have described and evaluated experience 
with the typical hospital-based computer system for analysis 
of standard 12 lead electrocardiograms. The difficulties en- 
countered included lack of reliability of P wave recognition, 
distortion secondary to background noise and baseline drift 
and other technical imperfections. They draw attention to a 
necessary distinction between computer programs utilizing 
binary logic and decision tables and those employing multi- 
variate statistical analysis. They have discussed the charac- 
teristics of several available electrocardiographic terminals 
and recognize their contribution to the overall system. They 
found that agreement between electrocardiographer and 
computer ranged from 70 to 90 percent for electrocardiograms 
identified as normal. For tracings with evidence of serious 
abnormality (myocardial infarcts, left ventricular hypertrophy 
and conduction defects) agreement ranged from approxi- 
mately 75 to 85 percent. Sixty-six percent of tracings with 
rhythm disturbances were correctly interpreted. 

Many of the pioneer programs were copied, some with au- 
thorized and some with unauthorized modifications. Some 
programs, copied and “improved” by persons without suffi- 
cient knowledge and background, have yielded poor results. 
Whenever a program's results differ too much from those 
expected, one reason may be inappropriate adherence to the 
designer's specifications. 

The program evaluated most often, by various methods, is 
that developed at the Medical Systems Development Labo- 
ratory (MSDL) of the U.S. Public Health Service. Because of 
the long public history!9-!? and use of this program, it is 
helpful to concentrate on it as an example and to note the 
variety of evaluations possible (measurements, repeatability, 
noise, comparison, predictability, among others). All assess- 
ments must be performed using data obtained from instru- 
ments and systems that conform to the specifications of the 
designers. It should be emphasized that the MSDL program 
is part of a total electrocardiographic processing hardware and 
software system whereas some other systems focus only on the 
programs themselves. 


The MSDL System 


Wave form measurements: The developers of the 
Medical Systems Development Laboratory (MSDL) 
were the first to publish extensive data and methods for 
evaluation as part of a series of progress reports.!6-?4 
The first published evaluations in the 1960's concerned 
wave form measurements only. The published toler- 
ances for wave measurements showed that small waves 
of 0.025 to 0.06 mv gave the computer program major 
difficulty, as they still do for most on-line programs. 
There was also a variable error factor due to difficulty 
in ascertaining the onset or offset of waves with a 
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gradual rate of change in slope. This indicated early that 
diagnosis ultimately dependent on small wave forms 
would be most prone to error (for example, a false neg- 
ative result could be obtained in tracings in which a 
small R wave preceding an S wave seemed to nullify a 
diagnosis of diaphragmatic infarct or in which a small 
Q wave preceding an R wave as in leads V2 and V3 
suggests an anterior infarct). Overall, analysis of non- 
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zero or nonsuppressed wave forms (P + 0.025 mv, Q 0.03 . ' 


mv, R 0.05 mv, S 0.06 mv, T + 0.03 mv) demonstrated 


that 97.3 percent of these wave forms were suitable for — 


use in evaluation. 

Dobrow et al.?? and others published detailed tables 
of the correspondence between measurements made by 
physicians and the computer program. Agreement 


ranged from 39.7 to 100 percent depending, as could be — 


predicted, on the amplitude, duration and slope of a 


wave form. The physician also evaluates wave form - 


patterns on the basis of width, amplitude and slope. 


This may explain, as Dobrow's studies also show, why 
some wave forms found by the computer were found by — 
the physician only on second review. In some instances, — 
of course, waves were not present (computer error) or - 


were not found by the computer because of the toler- 
ances noted earlier. 

Repeatability of wave form measurement was also 
tested early. Repeatability must be evaluated on the 
basis not only of the repeated presence of the wave form 
but also of the repeated presence of its characteristic 


features. Standard deviations ranged from 0 to 0.493, — 


depending on specific wave form height and amplitude. 
In the MSDL program, 94 percent of measurements 
were repeatable within what were judged to be suitable 


limits. Travis? did a reproducibility study of this pro- - 


gram by playing back electrocardiographic analog tapes. 
five times to determine whether this procedure signif- 
icantly altered computer diagnosis. He found agreement. 
rates of 92 and 98 percent for normal and abnormal 
tracings, respectively; in addition, 96 percent of the 


diagnoses were in agreement with each other on play- | 
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back. Travis noted, however, that there are significant . 
problems in playback of analog tapes. The playback - 
tape head may not be aligned with the recorder; there — 


is always “flutter” in any tape deck; the tape stretches; 
and, as it is redigitized, the same point is not reproduced 
so that there are always minor differences in each new 
digitized version and new noise levels that will affect the 
computer's response to the data. 

Noise levels: Although superficially it might seem 
otherwise, on-line telephone transmission of electro- 
cardiograms to a computer is generally less noisy and 
better than intermediate tape storage.?9 This point 


should be borne in mind when necessary economic © 
tradeoffs are made by those concerned with tape re- | 


cording and processing. Nevertheless, it is possible to 


obtain satisfactory, if not ideal, results when the tape © 


equipment meets the required specifications for the 


program in use. Meeting such specifications, of course, | 


may add to the cost of tape use. 
Noise levels of 25 uv or more make a tracing unsatis- 
factory.?7 Most of the early computer programs were 
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. developed before recommended specifications for 
equipment had been made and they relied on analog or 
digital filtering of wave forms to simulate the tracings 
on the single channel electrocardiographs of the era. 
Most systems today still do not comply with ideal 
specifications because of practical cost considerations. 
But details of hardware noise in today's mass-produced 
commercial systems generally need not concern the 
user, as was the case in earlier days. 

Comparison with Mayo Vector 1968 system: 

.  Fleischli et al.?? were the first group to compare two 
computer programs.?? Such comparisons càn resemble 
a comparison of apples and pears unless the recom- 
mended equipment is used for each program. Fleischli 
et al. followed the correct procedure. Because each 

~. program studied was developed for different equipment 

. . and with different criteria the differences were expected 

— tonullify declarations that one program was better than 

-~ the other. Their study thus yielded a comparison of 

. results obtained with a scalar system (MSDL), a vector 

system (Mayo), interpretation by a cardiologist and 
utilization of the criteria of a physician team when 
= reasonably identical tracings were presented (two se- 

— quential electrocardiograms were obtained from each 

j subject one for each computer). One of the earlier 

-~ MSDL standard scalar systems (Version B) was com- 

pared with the Mayo Vector 1968 system. Compared 

-= "with physician assessment, both programs had a greater 

JA incidence of abnormal interpretations. This is always 

= to be expected because current computers must follow 

criteria, as specified, all of the time. Indeed, a program 
with few “false positives" is probably following inade- 
quately rigid criteria. Tracings in this study were read 
— by (1) a team of physicians with varied training (in- 
; ternship to board eligibility), and (2) a practicing elec- 
. trocardiographer. (Fleischli et al. concluded, as others 

— have in different fields, that after a point length of 
. training contributes little to an individual physician's 
overall results.) Observer variability within the physi- 

-cian group was 31 percent, a finding representative of 

|. the usual observer variability. 

: The authors tabulated false positives and false neg- 

=~ atives according to whether or not three of the four el- 
ements in the test (cardiologist, three physicians, scalar 
system, vector system) were in agreement. When three 

3 systems agreed, the system in disagreement was con- 

— sidered to have made either a false positive or a false 

— negative interpretation. There was consensus regarding 

—. 64 diagnoses in the 781 electrocardiograms obtained 

— from a relatively normal ambulatory university faculty 

population. The cardiologist had 168 false positive and 
54 false negative interpretations, the vector system 284 
false positives and 23 false negatives, the physician team 

. 26 false positives and 20 false negatives, and the scalar 

system 374 false positives but only 4 false negatives. 

= From the standpoint of preventive medicine, the 

- crucial aim is to obtain the fewest number of false neg- 
atives because missing a positive case generally has the 
most detrimental effect on the patient's well-being and 
cost. In effect, 6 percent of positive cases were missed 
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by the scalar system, 31 percent by the physician team, 
35 percent by the vector system and 84 percent by the 
electrocardiographer (primarily because of his diag- 
nostic criteria for left ventricular hypertrophy). It would 
appear that both computer programs did well in relation 
to false negatives. But a physician using a computer 
system as an aid should be prepared to expect “false 
positives," although in fewer numbers than with the 
pioneer programs. 

Comparison with 1971 IBM program: Recently a 
researcher-academician team from the National Insti- 
tutes of Health??-?! evaluated the International Busi- 
ness Machines program of 1971 and contrasted the ex- 
perimental version of that now commercially available 
program with the MSDL Version D and Mayo 1968 
programs. The researchers proposed their own meth- 
odology for evaluation as being without pitfall since they 
believed that the reliability of electrocardiographic 
computer programs “has never been adequately eval- 
uated." Such attitudes impose grave limitations on 
computer use, particularly when studies are developed 
with the aim of evaluating specific commercially avail- 
able programs. Predictably, when a method that “avoids 
the pitfalls of previous studies" is used with a program 
for which it was designed, that program does best. In the 
evaluation, computer processing for the IBM program 
was performed at IBM facilities, thus using the rec- 
ommended equipment and methods of the manufac- 
turer-developer. Processing for the other two programs 
was performed at the researchers' site without neces- 
sarily following or obtaining the appropriate recom- 
mendations regarding equipment or type of signals 
needed. As noted earlier, this can lead to erroneous 
judgment. 

In the IBM-NIH evaluation the physician readers 
studied were required to use specified criteria. Some of 
those criteria (those for hypertrophy, for example) were 
developed after both the MSDL and Mayo programs 
had been developed. The practice of comparing a 
computer program that has known predefined criteria 
with a program that has known different criteria cannot 
be recommended unless one wishes, for the sake of 
statistics, to document differences known in advance. 
This can be done more easily by evaluating the criteria 
without the expense of a computer run. Of course, if one 
is not doing an evaluation but is developing a program 
the approach makes more sense. 

In developing usable criteria for a computer program 
one must initially select some set of criteria from an 
accepted source as a base and then adjust it by trial and 
error to the precision and requirements of a computer 
program; a tuning results. The NIH studies can be said 
to have been part of the routine for improving the cri- 
teria for a specific program. The evaluation data in ef- 
fect became part of the program's redesign. 

In reviewing evaluations, it is helpful to distinguish 
between a true evaluation and a progress report. Ex- 
perience with the design of computer programs has 
shown that a true impartial evaluation can be expected 
only from those not contributing to improvement during 


.364 Sentemher 1976 The American .lnurnal of CARDIOLOGY Volume 28 


ONPERUENTYC E E Le UC E en a 


the development process. Like most other developers, 
I have been well aware of this fact and have learned that 
evaluations are of most value when they stem either 
from continued clinical use by those not part of the 
design process or from rejection by clinical users. 

Overall performance for the IBM-NIH-evaluated 
program showed agreement between physician reader 
and computer in 75.5 percent of tracings. Disagreements 
(20 percent) were due to differences in criteria. (These 
variations have been reduced in the currently available 
commercial version.) Four percent of disagreements 
were due to program errors. These data are essentially 
the same as those found by others in initial evaluations 
of their own programs using their own original equip- 
ment and specifications. 

Use of the NIH technique designed for the IBM 
program, yielded more physician-computer differences 
and more program errors for the MSDL Version D and 
the Mayo 1968 versions. The errors in the MSDL pro- 
gram had previously been documented by the devel- 
opers and the government had issued a contract for 
improvements that have since been made. However, it 
is important to understand why differences in evalua- 
tions occur. Part of the difference in results in the NIH 
study is explainable by the higher frequency response 
in the data used and the nonrecommended equipment 
used at NIH. The practitioner must be aware that, like 
drugs, computer programs must be used as directed if 

reproducible results are desired. A nonclinical re- 
searcher may be less aware of this basic fact, thus one 
should be wary of data obtained when clinical products 
are evaluated in a nonclinical environment. 

Clinical evaluation of MSDL program: The clin- 
ical value of the MSDL electrocardiographic program 
and system is best shown by overall results such as those 
cited by Neufeld et al.,°2:3° who used the early Version 
B. They reported electrocardiographic data accumu- 
lated during a long-term epidemiologic survey of isch- 
emic heart disease in Israel in men over age 40 years; the 
study included 12 lead electrocardiograms recorded on 
magnetic tape and processed by MSDL in Washington, 
D.C. They concluded that computer reproducibility was 
superior to that of expert electrocardiographers. They 
suggested that tracings identified as normal by the 
computer may be accepted as such; those regarded as 
abnormal require physician validation. They also sug- 
gested that the magnetic tape electrocardiogram has 
greater sensitivity than the conventional paper re- 
cording and that abnormalities detected in the former 
may be clinically significant. 

Of more significance, Neufeld et al. were the first to 
show the value of computer electrocardiograms in pre- 
dicting disease. The computer's initial interpretation 
of tracings indicated a 26 percent incidence rate of 
ischemic heart disease in the population, a rate far 
higher than that indicated by human readers. A 5-year 
follow-up of patients with tracings classified as indi- 
cating infarct by computer but not by cardiologists re- 
vealed a very high predictive value for the forms. Thus 
in many cases the computer results were not false pos- 
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itive but prepositive. This early study suggests that one 
should take great care before dismissing a “false posi- 
tive" computer diagnosis. 

Craig and Derryberry?^ reported good results with the 
MSDL program as a screening tool in occupational 
medicine. Acker et al.,35 in a nearby center, described 
limitations in clinical use of the program. A U. S. Health, 
Education and Welfare Department publication!? dis- - 
cussed in more detail clinical application of the program 
in community hospitals with predominantly abnormal 
tracings, using the MSDL Version D with modifications. 
Elliot and Simmons?8?7 noted that physician readers 
did not amend computer assessment in 41 percent of 
instances. Lack of arrhythmia classification was not the 
major factor in instances of computer-physician dis- 
agreement and was not a drawback. There was minor 
amendment 43 percent of the time and major amend- 
ment 16 percent of the time. i 

The usual areas of amendments were: ST-T segment 
(27 percent); atrial and ventricular arrhythmias (15 
percent); atrial abnormalities (11 percent); Q-T mea- 
surements (11 percent); old anterior and inferior in- 
farcts (9 percent); left axis deviation (6 percent); left 
ventricular hypertrophy (6 percent); and other (15 - 
percent). Seventy-five percent of these differences were 
due to disagreement among criteria. It is difficult to 
resolve criteria differences as such. Often these stem 
from judgments of measurements that may or may not - 
have been properly made by the computer. 

Current state of the MSDL program: Program 
variations or new designs have been used in several | 
nationwide processing service organizations and by . 
several American and foreign groups. The current status f 
of the MSDL electrocardiographic programs can be 
considered in the light of recent developments. The 
government has sponsored development of a new Ver- 
sion E, whose evaluation may be expected in late 
1975-76 to show improvements in certain areas of 
measurement and diagnosis (Version D, with a variety © 
of user site-specific specifications is now most com- 
monly used). Preliminary data in this evaluation have 
produced clear documentation of why the cardiologist 
is a difficult “standard” and why the disease correlation - 
approach, in the long-term, is useful to pursue. In this © 
study, four senior cardiologists, three hospital electro- | 
cardiographic readers and Versions D and E of the 
program are compared. When there has been consensus 
among three of the four senior cardiologists, their false 
positive interpretations range from 21 to 76 percent and 
their false negative interpretations from 5 to 62 percent. 
Early review of the data shows that the evaluation of the 
computer results can change by omission of any one 
specific cardiologist as standard. Interestingly, the data- 
suggest that if a group is left out as part of the “con- 
sensus standard" (in this study the hospital readers and 
the computer program's criteria) then their results ap- 
pear to be relatively worse than those of groups whose. 
data were included in the standard consensus data. No 
evaluation of Versions D and E has yet been available, 
in part because of this real difficulty. 
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New user-oriented program: A new program by 
some of the MSDL developers, patterned after the 
concepts of the first system, still follows some of the 
MSDL time-tested subroutines but now is part of a 
hardware system based on the MSDL dedicated com- 


. puter concept.?? Firuglio et al.?? report 98.5 percent 


agreement on normal tracings and 82.5 percent agree- 
ment on abnormal tracings in initial use. The Hewlett 
Packard Company has added several features in areas 
of electrocardiographic record keeping and updating to 
this new program, which has user orientation as its basic 
premise, allowing changes in diagnostic statements to 
be made with relative ease. 


Washington, D. C. VA Hospital Program 
The D. C. Veterans Administration Hospital elec- 


À trocardiographic programs have been spearheaded by 
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_ Frank “orthogonal” lead system. Indeed, without his 
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Pipberger, whose underlying aim in computer use has 
been improvement of electrocardiographic diagnosis. 
He has been the leading American advocate for the 


continuing emphasis on that system, its use might have 
been less widespread. 

Borun et al.,*? using a modification of this electro- 
cardiographic computer program, compared visually 
determined 12 lead abnormalities with those in the 
Frank 3 lead system. The latter identified most stan- 
dard lead electrocardiographic abnormalities. However 
the authors concluded that further study would be 
necessary to determine whether the Frank leads had a 
higher sensitivity or lower specificity. 

The first technique for sampling electrocardiographic 
data and preparing it for input into a computer was 


developed for this program.4!-44 Programs to measure 


and interpret the data were then developed and re- 
ported for analysis of orthogonal leads. The early work 
by the Pipberger group^?-?? referred to methodology. 


-= However, their more significant reports??6 have 


demonstrated what can be achieved through computer 
analysis. A multiplicity of heretofore poorly defined or 
unknown electrocardiographic and clinical relations 
have been established. These have related, for example, 
to changes in the electrocardiogram due to cardiac en- 
largement, differentiation of ventricular hypertrophy 


_ or infarcts through use of statistical algorithms. This 


research differentiates Pipberger's group from others 
and also indicates the utility and flexibility of the 


^X computer programs used. 


In view of the basic research interest, the limitations 


— ofthe Washington Veterans Administration programs 
-~ have not had to be documented to any great extent by 


the developers. Cornfield et al.°’ have stated that the 


-~ program is 69 percent accurate in classifying patients 


(WM ERN 


on the basis of known clinical conditions. Although their 
figure refers only to specific conditions tested, it is 
highly significant in that it reflects agreement not with 
cardiologists but with a diagnosis diagnosis derived from 
other sources. 

There is relatively little routine clinical use of this 
program, because the program output is extensive in 
detail and oriented to research. Howevever, such use is 
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increasing in some areas now that the basic electrocar- 
diographic program is available on the same commercial 
hardware system that provides the new Hewlett Pack- 
ard/Clinical Systems Associates program noted pre- 
viously.38 

I believe that Pipberger’s major (and commendable) 
effort has been to arrive at a method by which com- 
puters and computer programs can be used to produce 
clinically accurate answers, not just the answers of an 
electrocardiographer. The limitation of this approach 
is obvious; it is a time-consuming process to verify the 
disease suggested by existing (or new) electrocardio- 
graphic criteria. This effort is necessary, however, if we 
wish to lessen the known error due to variability among 
cardiologists. Pipberger’s point has been that electro- 
cardiographic criteria should be made on other than a 
cardiologist’s impression of what an electrocardiogram 
means, and in that he is correct. His use of conventional 
and new statistics can serve as a model.57.58-90 Of course, 
until we have clearly defined electrocardiographic 
means for identifying disease (which may be decades 
away), a feasible approach appears to be to keep refor- 
mulating criteria, when possible, on the basis of work 
such as that from the Washington, D. C. Veterans Ad- 
ministration and have computer programs follow it. 
Cardiologists can then first consider the possibility that 
the computer is correct, that is, use the computer as an 
aid, always being aware of the intrinsic limitations in 
reference to diagnostic accuracy and precision. Pip- 
berger and Cornfield's recent writings9!6? on computer 
program selection and evaluation have urged careful 
analysis of both programs and evaluators. 


Mayo Programs 


'The first Mayo program available was a 1968 version. 
Data on it from its developers were sparse.9?4 A new 
version, introduced in 1974,65 is greatly reworked and 
improved. The early Mayo program had widespread 
circulation without the benefit of the environment in 
which its use was intended. Such use can (and did) re- 
sult in significant misunderstandings of the program's 
purpose and value. 

The various Mayo programs use X, Y and Z leads as 
well as a rhythm strip. All electrocardiograms with noise 
are rejected by a human monitor. The system is utilized 
at the Mayo Clinic in more than 90 percent of cases. 
Since recordings have also been made and analyzed in 
neonates and children, the pediatric experience with 
this program appears to be greater than with other 
programs.96.67 

In one study of 6,000 electrocardiograms obtained 
with this system in 24 days, Smith®? found measure- 
ment errors in 4 percent. These errors did not neces- 
sarily produce diagnostic error, a fact that applies to all 
computer programs. The computer can compensate for 
errors, and most programs have the logic to consider 
alternative data for many diagnoses. 

In the Mayo program, P waves are missed and are a 
source of problems in about 1 of 60 electrocardiograms. 
Perhaps this is a lower problem rate than that of the 
physician. R onset logic has been developed using both 
difference functions and spatial vector resolutions. 
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Pacemakers are handled by examining the raw data for 
spikes. Other program developments are in progress 
including pathologic and physiologic correlation data. 
Smith®® has summarized the early results (Table I). Of 


abnormal evaluations by the computer, 2,139 were. 


identical with the physician's assessment, 409 were 
overcalled, 167 were missed and 72 were both missed 
and overcalled. 

Clinical evaluations: Bertrand and Duffey9? of IBM 
have used electrocardiograms in an employee health 
testing program. Their use of the 1968 Mayo Clinic 
program represents an evaluation of a computer elec- 
trocardiographic program in an industrial clinic setting. 
Overall, the population consisted of 83 percent normal, 
7 percent borderline and 10 percent abnormal subjects. 
More than 23,000 computer electrocardiograms have 
been reviewed, and the results of an analysis of 1,000 
have been reported. The computer agreed with the 
cardiologist in 677 normal and 84 abnormal cases, and 
disagreed in 47 normal and 192 abnormal cases. There 
was overall agreement of 93.5 percent in the normal 
cases and 30 percent agreement in the abnormal cases. 
Noise accounted for 3 to 7 percent, respectively, of the 
disagreements in each group. In the normal cases, the 
most commonly missed diagnoses were right bundle 
branch block, T wave changes and S-T segment dis- 
placement, followed by infarction and other less sig- 
nificant diagnoses. The evaluation criteria were severe. 
Even one incorrect statement among several correct 
statements in an interpretation was classified as a dis- 
agreement with the computer on the entire electrocar- 
diogram. 

Some interesting heart rate results reported by Ber- 
trand and Duffey show how the computer may add 
precision to our usual criteria. In 12,000 electrocardio- 
grams the mean and median heart rates after the patient 
had been supine for 15 minutes were, respectively, 65 
and 64 beats/min (range 48 to 87). This finding confirms 
the suggestions of others using computers that a cutoff 
of 60 beats/min to designate bradycardia may not serve 
a useful clinical purpose. A level of 50 beats/min would 
include only 5.7 percent of the population rather than 
the overly high 36 percent at the rate of 60 beats/min. 
Similarly, 99 percent of the population has a heart rate 
of less than 95 beats/min. Therefore, a level of 100 
beats/min for tachycardia, which picks up only 0.27 
percent of the population, may not call attention to 
subjects who may need greater surveillance. 

The satisfactory results obtained with the Mayo 
program at the designer's heart station at the Mayo 
Clinic over many years contrasts with often cited eval- 
uations of the program, such as that by Bruce and 
Yarnell.?? This group analyzed 373 cases. The computer 
was judged correct in 91 percent of its normal assess- 
ments and in 47 percent of its abnormal assessments. 
There were false positives in 53 percent of the cases 
interpreted as abnormal and misclassified cases in more 
than 25 percent. In a further test, in which 165 random 
recordings were repeated almost immediately, with no 
change in electrode placement, the computer signifi- 
cantly altered its interpretation 31 percent of the time. 
Bruce and Yarnell concluded that the risk of error when 
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TABLE | 


Physician Versus Computer Assessment of 
Electrocardiogram in Mayo Program * 


Normal Abnormal 
by by 
Computer Computer Total 
Normal by MD 3163 181 3344 
Abnormal by MD 31 2787 2818 
Total 3194 2968 6162 


*Data from Smith.™ 


a healthy person with a normal cardiogram is screened 
by the program is so great that clinician review of every 
report is essential. By contrast, Guller et a1.9967 using 
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the Mayo three lead orthogonal program with newborns, : 


found advantages. No special precautions were used in 
using the vector program in this difficult age range, and 
no specific problems were reported in a series of 100. It 
would appear that those who understand that computer 
programs are to be used as an aid can make excellent use 
of them in performing difficult tasks. Those who merely 
evaluate computer performance generally do so as a 
contest with the physician, something never intended 
by the developers of any program. 


Mount Sinai-IBM-Cro-Med Bionics Program and 


System 


'There have been many instances of aid by IBM to the 
developers of electrocardiographic computer programs. 
That aid has significantly involved the Mayo program 


and one developed at Mount Sinai Medical Center in © 


New York City. IBM has now withdrawn from these 
efforts to concentrate on its own program. The Mayo 
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Clinic is continuing its own efforts and another com- 


mercial concern, Cro-Med Bionics, has taken over the 
IBM development started at Mount Sinai. 
Enderle?'?? in Belgium has used this program clini- 
cally and has evaluated its 12 standard lead analysis 
output. In his study, four cardiologists evaluated the 


program results after agreeing on the criteria. Errorsin 
measurement were the most frequent. These were 


generally attributable to artifacts and high amplitude 
complexes that caused signals to be missed on the early 


multichannel tape system used. They found few errors — 


due to the logic itself. As noted for other programs, the 


errors found in these evaluations served as a basis for 


improvements. 

Evaluation was made of 14,468 electrocardiograms 
from 9,968 patients. The records were normal in 18 
percent. There was 87 percent overall agreement be- 
tween computer and cardiologist. There was a 2.9 per- 
cent rate of disagreement on QRS rhythm and an 8.0 
percent rate of disagreement on wave form contour. 
Contour errors were found in 693 tracings; these in- 
cluded T wave (2.6 percent) and QRS (2.8 percent) 
measurements. 

In the newer version of this program a comparison 
program is used to identify significant changes in the 
electrocardiogram. It has been found that the electro- 
cardiogram varies greatly from day to day and the di- 
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agnosis may change when the variation causes electro- 
cardiographic values to exceed criteria cutoff points. 
Pordy and his group,/?-76 who have provided the major 
direction for this program, believe that physician 
overview is always required and is of paramount im- 
portance. They also consider that for complete clinical 
acceptance, it is required that the computer perform all 
the functions of the electrocardiographer and that the 
tracings should be stored to permit later retrieval for 
comparison of serial records and should also be readily 


_ obtainable on demand. 


This program has often been used in conjunction with 
computer-interpreted three lead orthogonal electro- 
cardiograms. Pordy has compared the standard 12 lead 
analysis made by his program with computer vector- 


-= cardiographic (Frank lead) systems. His data showed 


that the vector analysis “failed to disclose the clinical 


— diagnosis evident in the 12 lead electrocardiogram." 


Like the MSDL effort, this project started in the 
mid-1960's and has been considered a system; however, 


į J limited but usable rhythm analysis subroutines and 


comparisons were introduced earlier than in other 
programs. In this program, three arrhythmias are de- 


— fined by wave form contours: pacemaker, first degree 
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atrioventricular block and Wolff-Parkinson-White 
patterns., Other arrhythmias are interpreted with use 
of special subroutines that employ a ''voting"-like 
procedure to determine which is present. The ar- 
rhythmias interpreted are those most commonly found 
in clinical practice. Pordy's studies at Mount Sinai 
suggest that the program has an 80 to 85 percent rate of 
accuracy in interpreting arrhythmias. 


IBM Program 


This program was initially developed using a sample 
test group of 400 electrocardiograms. Bonner (who was 


also a major contributor to the early Mount Sinai pro- 


gram) and the other developers of the IBM program?? 


have evaluated their results in 1,435 records of which 
— 1,008 were abnormal. They found that the computer 


had a 97 percent rate of correct classification in refer- 
ence to gross categories of normality and abnormality 
and that 94 percent of all its statements concerning 
contour abnormality were correct; in the remaining 6 
percent the statements were missing. In 1.2 percent of 
cases abnormal tracings were called normal. Ninety- 


. three percent of normal electrocardiograms were cor- 


rectly analyzed; errors were due to S-T and T wave 
changes. Overall, they reported 82 percent “completely 
acceptable" computer interpretations. 

Referring to arrhythmias, there were 117 records with 
rhythm abnormalities and 7 with fixed-rate pacemak- 
ers. In 2.7 percent of 1,311 records with sinus mecha- 
nism the computer could not determine the rhythm. Of 
the 117 records with arrhythmias, 35 (30 percent) were 
also called undetermined and 9 of the remaining 82 in- 
terpretations were incorrect; the remaining 73 (62 per- 
cent) were correctly interpreted. There were 74 cases 
of atrial fibrillation or flutter-fibrillation; 77 percent of 
these were correctly diagnosed. There were 13 cases of 
second and third degree A-V block; only 3 were correctly 
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analyzed. There were 63 cases with two or more ven- 
tricular premature beats; the data do not indicate re- 
sults if only one such beat occurred. In the instance of 
two or more, there were either misses or calls of unde- 
termined rhythm in 23 cases with a resulting 64 percent 
rate of accuracy. In instances when there were two or 
more supraventricular beats (no mention is made when 
only one occurred) there was 61 percent rate of accuracy. 
There are approximately 30 possible arrhythmia 
statements in their program, but not all appear to have 
been in the test or trial data used. With reference to 
arrhythmias, the data appear to be similar to those 
claimed by others in their programs but it is easier to 
abstract the data from the paper of Bonner et al. than 
from the others. 

Bonner et al.7? noted problems with diagnosis of left 
ventricular hypertrophy and modified their criteria; 
they report incorrect diagnoses of left ventricular hy- 
pertrophy in less than 1 percent of cases compared with 
a 7.2 percent rate by physician reading. This again ap- 
pears to substantiate the impression, previously noted, 
that a physician does not follow any textbook criteria 
for hypertrophy as closely as a computer. 

In 8 percent of 150 subjects, anterior infarction was 
unstated by the logic used. This was attributed to 
measurement error and logic inadequacy with regard 
to R wave progression in the precordial leads. In inferior 
myocardial infarction errors existed primarily attrib- 
uted to measurements in ascertaining the presence of 
an initial R wave in leads II, III or aVF or the actual 
measurement of the Q wave depth and duration. The 
authors of this as well as those of other programs have 
implemented program refinements intended to com- 
pensate for some of this type of measurement and logic 
error. 

On the basis of the authors’ original criteria, ischemia 
was missed in 8 percent of cases. This was mostly due 
to the degree of T wave negativity required in the logic 
program. S-T depression abnormality was incorrectly 
read in 1.4 percent of the cases. The reason was pri- 
marily related to J junction changes in normal electro- 
cardiograms. Unstated S-T abnormalities were almost 
all related to subtle delayed and sloping S-T segments 
caused by digitalis effect. To reduce this error the 
measurement program has been modified to measure 
S-T changes 90 msec after the end of the QRS complex. 
This may or may not always correspond to physician 
judgment but has also been done in other programs. 
Significant S-T segment elevations went unnoticed in 
10 percent of S-T elevation abnormalities. This was a 
result of slight changes associated with inferior myo- 
cardial infarction and pericarditis, and the need for a 
program logic that would omit nonspecific S-T changes 
or early repolarization in normal electrocardiograms. 
In pulmonary disease, it was found that because of 
frontal plane angle and low voltage criteria, 7.6 percent 
of cases were missed. 

The developers of this program and others have en- 
countered difficulty in rhythm analysis in differen- 
tiating P and T waves in close or changing sequences. 
Transmission noise and interrupted identification sig- 
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nals were sometimes found to produce hign frequency 
spikes that, when interspersed between QRS complexes, 
produced supplementary statements, interpreting them 
as atrial or ventricular premature beats. This is common 
to other programs as well. The IBM program was ana- 
lyzed and contrasted with two other programs, although 
by somewhat inadequate techniques, in the preceding 


discussion of the MSDL program. 


Present status: The IBM program has been used to 
clinical advantage by its developers. The program uses 
multiple complexes from a lead to arrive at measure- 
ments. This procedure differentiates it from other 
programs and gives it the potential for precision al- 
though because it requires averaging and a larger data 
base it has some drawbacks and sometimes added costs. 
Crevasse and Ariet/9-9? have described the start of a 
regional computerized electrocardiographic processing 
center that uses this program. Although the center now 
links substantially more hospitals, it originally involved 
a central electrocardiographic processing facility at the 
University of Florida College of Medicine linking two 
distant and three local hospitals and five screening 
clinics. The “all-inclusive” cost for computer, telephone 
and data acquisition hardware was originally estimated 
to be $7.75 per electrocardiogram with an annual vol- 
ume of 34,000 tracings. 


Other Program Developments 


Dreifus program: Scheinok et al.5! reported on the 
development of a computer-aided electrocardiographic 
system of analysis that was used to process 85 percent 
of all inpatient tracings in a large urban hospital spe- 
cializing in cardiovascular diseases. The system used 
physician over-read. A computer interactive method for 
physician editing, using visual display terminals, was 
planned. This program appears to combine aspects of 
various programs and its developers claim that criteria 
can easily be rewritten for it as the need arises. The 
program system produces on-line analog to digital and 
digital to analog conversion to photograph the graphic 
tracing. A microfilm copy is then placed on a punch card 
and a report applied to the punch card that can be 
viewed on a conventional microfilm viewer. 

Talbot et al.82 examined the criteria used for the di- 
agnosis of myocardial infarction by this program which 
used 12 standard and 3 orthogonal leads. Clinical and 
cardiac catheterization data were used for definitive 
diagnosis. As might be expected, better results were 
obtained with orthogonal and 12 leads together than 
with either system alone for the diagnosis of myocardial 
infarction as well as infarction in association with left 
ventricular hypertrophy and conduction defects. The 
most sensitive criteria for anterior infarction were the 
Q/R wave amplitude relation in the 12 leads and loss of 
the first 20 msec of anterior forces in the horizontal and 
sagittal planes. However, false positive results were 
more frequent with the combined system than with 12 
leads alone, particularly in association with left ven- 
tricular hypertrophy, nonspecific intraventricular 
conduction defects and left bundle branch blocks. V 
lead criteria were more specific. No single test with an 


acceptable false positive rate was sensitive for inferior 


wall infarction in all situations. These facts bear em- | 


phasis. Errors were sometimes caused by erroneous 
computer measurements but were more often due to 
inadequacies of criteria. 

The opinions of Dreifus in reference to arrhythmias, 
quoted subsequently in this review, are based on his 


experiences with this program. He is mainly responsible - 


for the program's medical formulation and guidance. 





Use of the program has generally been limited to the . 


developer's site. 


MacFarlane program??-55: MacFarlane et al. in the - 


United Kingdom have designed a computer program for 


analysis of 3 lead and 12 lead electrocardiograms. This — 


program, like the Dreifus effort, is primarily used at the 


developers’ site. From a comparative study of com- — 
puter-interpreted electrocardiograms, they have con- — 


cluded that the 3 lead system used was clinically as ac- 
ceptable as the 12 lead system with respect to com- 
puter-assisted analysis. The 3 lead system appeared to 
demonstrate greater correlation with clinical findings 


and was associated with fewer false positive interpre- 
tations than the 12 lead system used. In recent experi- — 


v2 


ences with the earliest version of arrhythmia analysis . 
the rhythm was interpreted correctly in 95 percent of — 


Cases. 


In the 1st year of operation 7,703 electrocardiograms - 
were recorded. Many modifications of criteria and wave : 


recognition methods were incorporated into a second 
version of the program released early in 1972. The 
group's reports found two main sources of error, tech- 
nical difficulties and programming. The technical errors 


were caused by faulty magnetic tape, inexperience of the - 
technicians and incorrect electrode placement. In spite | 


of every attempt to circumvent errors in programming 


logic, the authors, like others, have found that some 


electrocardiograms do not fit a well defined normal or : 
abnormal pattern. This may be expected to continue to - 


be the case for many years. 
Arvedson program: It has been difficult to evaluate 
properly (because of lack of availability of his program) 


ee eS 


the work of Arvedson®? in Sweden, but he too had an & 


early three lead program. 


Van Bemmel program: Van Bemmel et a1.99?! in the 


Netherlands have had under development an auto- 
mated vectorcardiographic/electrocardiographic sys- 
tem. They have used extensive wave form typing to 


improve quality of information before a detailed con- . 
tour analysis. They described an interactive method for — 


the automatic recognition of different types of QRS 
complexes. Consecutive QRS complexes are allocated 
automatically or by human interaction to clusters. Their 
efforts appear to be most promising. The simplicity and 
good documentation offered in many of the subroutines 
could greatly aid the development of other programs. 


Arrhythmias 
Development of arrhythmia analysis: It is rea- 


sonable from an economic viewpoint to try to program - 


for the most common arrhythmias in a particular en- 


vironment. The cost-effective problem has been to de- - 
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3 TABLE II 
Results of Computer Classification of Arrhythmias* 








Computer 
Arrhythmia Total Classification 
-  Atrial fibrillation 39 9 Correct 
y 9 Incorrect 
E 21 Missed 
.. Ventricular premature beats 41 20 Correct 
wh 12 Incorrect 
ED 9 Missed 
; Atrial premature beats 33 0 Correct 
l 17 Incorrect 
k 16 Missed 





*Data from Dreifus.?? 


_ termine how important it is to recognize each arrhyth- 
. mia and what additional expense is valid if few data are 
usually available. The approach can produce few ar- 
_rhythmia statements as in the earlier MSDL programs 
. or more abundant and complex terminology as in the 
.. Mount Sinai, IBM and recent Mayo version. 
- Arrhythmias in a single lead are more difficult to 
- analyze than those in multiple simultaneous lead sys- 
. tems, especially during exercise or monitoring. With 
-simultaneity what may not be seen in one lead may be 
: j present in another so there is less likelihood of a false 
— negative diagnosis. 
. . Many complex mechanical and operational problems 
. are caused by differences in duration of arrhythmias 
. and their varying rates. A few arrhythmias require a 
. small time interval for detection. Some need extremely 
. long recordings and hence are uneconomic for today's 
. clinical computer systems. Ventricular rhythms are 
. generally easier to define than atrial rhythms. 
— Multiple P waves and asynchrony of P waves and 
. QRS complexes pose severe problems. The T-P interval 
needs close attention to identify P waves, and this in- 
creases the cost of processing. Analog preprocessors and 
. Systems may be an effective mechanism for such pro- 


— cessing in the future. Subroutines could also be devel- 
- oped for random sampling followed by more detailed 
subroutines when necessary. Storage of data for com- 
. parison may aid in rhythm analysis. Because criteria do 
. not exist for total separation of waves in arrhythmias 
_ (for example, P versus T versus U), probability tech- 
. niques may have to be used. 
Artifacts, baseline shifts and muscle tremor are 
_ troublesome in this type of analysis. Minor changes in 
$ wave contour or respiratory-related amplitude changes 
__in peak to peak QRS values are more subtle forms of 
. difficulty. 
_ After identification of an arrhythmia, measurement 
. and analysis are needed to complete the process. To- 
_ gether the lack of agreement on diagnostic criteria and 
-. the diversity of arrhythmias cause the most significant 
. programming problems. A review of texts on arrhyth- 
. mias shows that 700 different rhythm statements can 
_ be made; thus it is not yet practical to program for the 
_ large variety of overlapping diagnoses possible, con- 
_ sidering, in addition, that arrhythmias do not always 
follow dogmatic rules and are generally variable. 
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The general conclusion that can be made regarding 
computer electrocardiographic arrhythmia programs 
is that most programs are still in a state of early devel- 
opment.?? [t is yet too early to judge or make valid 
program comparisons in this field because of rapid im- 
provements. 

The Dreifus arrhythmia program: Dreifus?? ex- 
amined 1,105 hospital electrocardiograms processed by 
computer. Ten percent had arrhythmias. His findings 
(Table II) appear to be representative of many pro- 
grams. 


Dreifus has listed some problems of rhythm analysis 
by computer: 


1. Some records cannot be sufficiently well recorded for 
computers because the patient is too ill to allow artifact-free 
tracings. | 

2. Atrial fibrillation with a wide QRS complex makes it 
difficult to find ventricular premature beats. 

3. Enough sample and computer time to analyze the 
rhythm is a serious cost (or computer size) problem. 

4. Signal noise in the baseline obscures P waves and there 
may not be enough time in a real-time analysis to examine the 
tracing in detail unless extremely powerful computers are 
used. 

5. Some records can never be interpreted by the computer. 
They require special techniques of electrocardiographic re- 
cording. 

6. Some arrhythmias are too rare and complex. Attempts 
to make logic for these rhythms may be inappropriate. 


Dreifus adds that: 


1. The differential diagnosis of supraventricular from 
ventricular mechanisms should be done but all the rules are 
not yet established. 

2. Since P wave recognition is difficult, one should try to 
program around them and do without it if possible. 

3. Artifacts may always pose problems and sometimes 
cannot be differentiated from arrhythmias. 

4. Coexisting arrhythmia mechanisms will be difficult to 
analyze. 

9. Inadequacy of human logic in defining the arrhythmia 
is a primary problem. 


Dreifus suggests that we need better arrhythmia 
programs but that they need not be very sophisticated. 
We need only identify six or so rhythms for useful - 
purposes. He suggests the following: A-V block (first, 
second and third degree), ventricular premature beats, 
atrial premature beats, atrial fibrillation, atrial flutter 
and pacemaker rhythm. 

The Willems, Pipberger program: These general 
suggestions can be contrasted with the results of Wil- 
lems and Pipberger.9?* They have developed a digital 
computer program for automatic interpretation of what 
they consider the most common arrhythmias that do not 
require extremely long time intervals. Their program 
was developed using a training set of 543 "short" (6 
second) and 179 “long” (10 second) records obtained in 
344 patients with various arrhythmias. The logic was 
tested on an independent file of 450 short and 207 long 
records subsequently obtained from another 239 pa- 
tients. In addition to these arrhythmia records, the 
authors analyzed 545 short and 176 long records con- 
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sisting mainly of normal sinus rhythm or of sinus ar- 
rhythmia. These tracings were recorded in a study of the 
day to day variability of the orthogonal electrocardio- 
gram and vectorcardiogram. Half of these records were 
used in the study file and the remainder in the inde- 
pendent file, thereby giving a combined total of 1,538 
“short” and 562 “long” records. A cardiologist with no 
prior knowledge of the computer analysis made a 
rhythm diagnosis of the independent records. Tracings 
with sinus rhythm (the dominant rhythm diagnosis) 
were classified into three groups: 


Group 1. Cases with noncomplicated normal sinus rhythm; 
cases with sinus bradycardia and those with short P intervals 
were treated separately. 

Group 2. Cases with dominant rhythm of sinus origin, 
complicated by the presence of premature ventricular con- 
tractions with bigeminy or trigeminy or atrial premature 
contractions but without A-V block. 

Group 3. Cases with sinus rhythm complicated by first 
degree A-V block, with or without associated premature 
ventricular or atrial beats or bigeminy. 


Willems and Pipberger found the recognition rate of 
sinus rhythm in Groups 1 and 2 to be between 86 and 97 
percent. The remaining cases in these groups were most 
often evaluated as showing regular rhythm without 
further specification as to the origin of the rhythm. This 
occurred mainly in noisy records. In a few cases, the 
diagnosis of A-V junctional rhythm was made with flat 
P waves in lead Y. These cases also caused decision 
problems for the cardiologist in his attempt to deter- 
mine the rhythm origin. The computer recognition rate 
of sinus rhythm in cases with a prolonged P-R interval 
(Group 3) ranged from 64 to 80 percent. This lower rate 
was attributed mainly to problems of recognition of P 
waves occurring. close to the preceding T wave. In 20 
percent of the cases with A-V block the P-R interval was 
greater than 250 msec, and almost all the failures oc- 
curred in this group. 

In the short learning and short independent records, 
Willems and Pipberger found that atrial fibrillation was 
correctly determined in 86 and 80 percent of cases, re- 
spectively. The sensitivity for atrial fibrillation detec- 
tion was 10 percent higher when long records were an- 
alyzed. For all cases with atrial fibrillation combined, 
the correct diagnosis was obtained in 82 percent (179 of 
217) of 6 second records and 92 percent (83 of 90) of 10 
second strip recordings. When the program failed to 
reach a conclusive diagnosis of atrial fibrillation, the 
statement “arrhythmia” was printed without further 
specification in 10 and 4.5 percent, respectively, of short 
and long records. In 4 of 217 short (6 second) records 
and in 1 of 90 cases with long (10 second) records of 
atrial fibrillation, the diagnosis of sinus arrhythmia or 
sinus rhythm was erroneously made. 

In the tabulation of aberrant beats, no distinction was 
made between ventricular premature beats and atrial 
premature beats with aberrant conduction. The rec- 
ognition rate ranged between 83 and 91 percent in the 
various subgroups of long and short records from the 
study and independent files. Among the short records, 
259 of 299 aberrant beats (86 percent) were correctly 
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recognized, with 14 false positives in a total of about - 


10,000 normal beats. For the long records, 181 of 206 


4 


abberant beats (88 percent) were recognized, with 16 - 


false positives in a total of about 6,180 normal beats. 
The incidence rate of false positives was 1.4 and 2.6 
percent for short and long records, respectively. Of the 


false positives, four were in cases with atrial fibrillation, 
in which QRS complexes vary slightly in configuration 


from beat to beat. The remaining false positives were 


mainly due to spikes or tape noise in the P- T segment 


or superimposed on QRS complexes. 
In the computer diagnosis of less common rhythm. 


abnormalities, Willems and Pipberger found that of the 
67 cases with short records and sinus arrhythmia as- 


judged by simple eye reading, 39 were identified cor- 


rectly. In 8 the statement “arrhythmia” was printed, 
whereas in 17 others, normal sinus rhythm or sinus- 


bradycardia was printed. As could be expected, the 


detection of sinus arrhythmia was better in cases with 


long records. The results were the same for detection of 


atrial premature beats, complete A-V block, bigeminy - 


and trigeminy. Only one false positive diagnosis of atrial 
premature beats was made. 

Present status of arrhythmia analysis: The data 
on rhythm analysis in computer programs are sparse. 


Capability figures range from 60 to 95 percent. However, 


such figures fluctuate depending on what one initially 
decides the criteria of judgment should be. Whether 
every clinic and practice needs a program that will 


classify all rhythms or only specific arrhythmias is an 


important cost consideration. Techniques have been 


described to suit specific purposes and interests. The 
variety of ideas and implemented programs suggests the 
changing nature of this field.?4-19? Feldman!9? has in- 


dicated that a decade of research on using computers. 
to monitor the heart rhythm of patients with cardiac 
disease has resulted in the development of at least 20 
different systems as well as the installation of ap- 
proximately a dozen commercial systems for routine 
clinical use for intensive care and monitoring. | 

Arrhythmia diagnoses are primarily generally limited. 


by deficits in logic. To adapt answers to users, several. 


new commercial systems allow editing of computer 
answers by each user. As a result of continuing inter- 
action, improvements in program developments can be 
expected. 


Exercise Programs 


There is considerable interest today in electrocar- 
diographic monitoring for diagnostic exercise testing, 
for physical fitness studies at work evaluation centers 
and for management of acutely ill patients in coronary 
care units. These activities place a large burden on 
electrocardiographers. In response to their need, there 
has been rapid growth in the development of electro- 
cardiographic telemetry equipment and monitoring 
systems. Some current monitoring systems are actually 
analog computers. These are generally limited to 
tracking heart rate and rhythm. 

Problems in stress testing with computer elec- 
trocardiography: Full analysis of an electrocardiogram 
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_ from an active subject requires a different approach 
.. from that used in the resting state because of the greater 
—. frequency of distortions that complicate recognition of 
. patterns. During activity, the electrocardiographic 
— record may include shifting baseline, noise artifact, 
superposition of wave forms, changing heart rate over 
a wide range, abnormal conduction and arrhythmias. 
The finding that gives the exercise electrocardiogram 
. its greatest clinical value is ischemia-induced wave form 
alteration that must be detected and distinguished from 
. the other named events. 
Many researchers have assessed the uses and limi- 
tations of stress testing in the evaluation of ischemic 
heart disease. One of the most critical problems is ob- 
taining an optimal electrocardiographic signal from 
which to compute the S-T segment changes. Unfortu- 
nately, noise artifact produced by exercise causes con- 
_ siderable interpretive difficulty when the exercise 
. electrocardiogram is manually processed. Consequently, 
. increasing attention has been focused on digital com- 
. puter techniques to attempt to eliminate subjective 
. error in measurement by reduction of signal artifacts.!04 
_ These methods most often rely on the fact that a large 
. percentage of noise in a typical exercise record occurs 
. at random and can thus be eliminated by averaging 
. methods. However, any averaging process as it cleans 
z the signal may eliminate transient changes that may be 
. useful in diagnosis. Alternating current noise can be 
. eliminated by 60 hertz notched filters or low-pass filters 
_ (30 to 40 hertz), although electrocardiographic signal 
- distortion may occur with cutoff frequencies as low as 
-. 80 hertz. Signals can also be eliminated by these tech- 
niques. 
Baseline shift also presents undesirable problems. 
Attempts have been made to reduce or eliminate it by 
low frequency filtering in the range of 1 to 2 hertz. 
However, Berson and Pipberger!®> have demonstrated 
that absence of usual low frequency components pro- 
. duces distortion of the electrocardiographic signal. No 
_ standard value is yet universally used so that diagnostic 
. (and computer) criteria must hence fluctuate with the 
. initial signal acquisition device characteristics. Until 
. some standardized value is decided upon for producing 
E signals that are identical (in spite of some distortion) 
. from one machine to another, criteria for analysis used 
_ by either physician or computer cannot be entirely ad- 
. equate. 
-. Rosner and Jackson and their co-workers!06.107 qe. 
- scribed one of the earliest digital computer systems for 
. exercise electrocardiograms. The basic steps of that 
- effort illustrate the general need. The QRS complexes 
. in a specified time frame of data were identified by 
. minimal derivatives, and the R-R interval between 
. consecutive beats was measured to detect a cardiac ir- 
E regularity. The values of the measurement of the first 
analyzed cardiac cycle were retained as a template. 
_ Measurements from succeeding time frame analyses 
. were compared with this template. If all measurements 
were within the variation permitted by the criteria, the 
_ statement “No Significant Change" was printed in place 
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of the measurement values for that time interval. 1f one 
or more of the measurements exceeded the criteria, the 
values of the “changed” beat were printed, and these 
new values replaced the previous template for com- 
parison with subsequent measurements. 

There are several difficulties in criteria generation 
that affect the results. Other physiologic variables such 
as respiration have an effect and have been considered. 
Elliott et al.,198 for example, have described a computer 
technique for simultaneous recording and analysis of 
electrocardiographic and respiratory responses to 
graded exercise. 

A computer technique permitting the continuous 
recording of selected points of electrocardiographic 
wave form during and after graded exercise in young 
untrained subjects has been described by Davies et 21.109 
It is in adjustment of values to graded exercise that the 
computer may play its most useful clinical role. The 
wide scatter of values they observed, including some 
exceeding previously accepted values of normality, 
suggests the need for better criteria. Several computer 
programs are now being designed for on-line monitoring 
of electrocardiographic variables related to the S-T 
segment and T wave and other factors during exercise 
testing. The potential clinical importance of new efforts 
may improve knowledge regarding delineation of 
time-dependent changes in electrocardiographic wave 
forms during graded stress. 

Regardless of much ongoing work, we lack programs 
that function as might be desired during exercise. It 
may be parenthetically stated that for the usual clinical 
purposes, results of computer analysis are generally 
good with any standard electrocardiographic program 
if the patient is asked to pause for a few seconds while 
a 12 lead record is made. This is not difficult on any 
automatic three channel 12 lead (or vector) electrocar- 
diograph. 

Computer analysis of rest and exercise electrocardi- 
ograms has been extensively investigated by Rautaharju 
and Wolf and co-workers.!!4-116 In this Canadian re- 
search, there has been extensive work in review of pro- 
grams and noise levels. T'hey have indicated that if the 
root mean square value of noise is less than 60 uv, then 
in 95 percent of measurements precision is +10 msec for 
QRS, +20 msec for other intervals and +25 uv for am- 
plitudes. These values of course depend on unique 
equipment and situations, and may warrant modifica- 
tion in the hands of others. In these efforts clusters of 
beats are used to identify homogeneous QRS complexes, 
for example. The D. C. Veterans Administration mea- 
surement program is used by these researchers for 
clinical interpretation. During exercise, a vector of the 
S-T segment is used. The lead with the most ischemic 
(and most elevated) S- T segment is selected from all 
leads and those measurements are used. In this way, 
measurements with a greater probability of error are 
excluded. Normal values have been generated from test 
studies. With rigid techniques used to record and test 
for noise, there was a 2.6 percent rate of error in 
QRS-ST measurement and a 1.3 percent rate of exces- 


sive noise. Several thousand exercise records have been 
reviewed visually to evaluate the system, and they have 
found the results satisfactory. 


Comparison Programs 


There has been increasing emphasis on comparison 
programs. Comparison of several records is more limited 
by hardware needs (tapes, discs and other equipment) 
and by economics than by the logic of comparison. 
Comparison is a method for electrocardiographic data 
compression and serial analysis. The comparison rou- 
tines in computer use today concentrate principally on 
the diagnosis of myocardial infarction and are not yet 
at high levels of technologic sophistication. In effect, the 
comparison problem is a first order limitation. 

The problem of comparison of electrocardiograms is 
best discussed when there has been a firm decision re- 
garding the hardware intended for utilization and after 
an institution’s specific needs and present equipment 
have been considered. For computer comparison to be 
useful, one must plan to computerize all electrocardio- 
grams taken. The anticipated volume will determine 
whether to depend upon an inhouse or an outside ser- 
vice bureau for economic operation. The comparison 
operation must, of course, fulfill a variety of needs of 
outpatient clinics and inpatient service facilities. A 
system that does not have the intrinsic capability of 
comparison at the time the electrocardiogram is taken 
is not within the overall future needs of the majority of 
medical institutions. The initial needs that an on-line 
comparison system can fulfill are those that would allow 
comparison operations to provide instruction to tech- 
nicians when the transmitted data present problems or 
there is a change in the patient’s status. 

If on-line comparisons are not feasible, data can be 
processed off line, using punch cards as the interface 
with a central computing system. The central computer 
can then perform comparisons limited to diagnostic 
changes. 

Comparison components: The program’s require- 
ments are: 


1. Data for comparison: The electrocardiographic com- 
puter’s output should contain: (a) necessary patient identi- 
fication, (b) date of the tracing, (c) time of day of the tracing, 
and (d) the codes and required data for each of the various 
electrocardiographic interpretations and any comparisons 
previously made. 

2. Possibilities for correction: The programs for compari- 
son systems should allow the system to be used as a corrective 
subsystem. A physician should be able not only to add inter- 
pretations but also to delete items and otherwise alter the 
output to suit specific needs. For each patient, the system 
should house each interpretation as it is made by the elec- 
trocardiographic computer. Whenever corrections and new 
interpretations are added with use of punch cards (or other 
alternates), new interpretations should be made. 

3. Noncomputer interpretations: The system should also 
allow noncomputer interpretations to be incorporated easily 
and compared. 


Existing comparison programs: Pryor et al.!!* have 
reported an evaluation of a method of serial analysis by 
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computer. They recognized the importance of com- B 


puter-performed comparative analysis of electrocar- 
diograms taken at different time intervals and found 
that little time was saved if the cardiologist having ac- 
cess to computer interpretations was required to make 
serial comparisons with previous tracings on the patient. 


Pryor's group!!? has also developed a program to com- — 


pare tracings now included as a part of their automated 
interpretation routine. 

The comparative program is operative only in the 
case of patients who have two or more electrocardio- 


| 
grams taken during a particular admission to the hos- 


es 


pital. Thus, with this restriction on the data base, the — 


program is used primarily to follow the serial changes — 
of patients with acute myocardial infarction in the 


coronary care unit. Additional work is continuing to add 
diagnostic statements to confirm a tentative diagnosis 


indicated by the rhythm or wave contour programs. . 


alos 


Pryor et al. call attention to problems of comparison in 


using computer-generated statements or values, or both. 


Errors can result from slight changes in value, such as 


RR C 


QRS amplitude near levels at which criteria cutoffs — 


exist. The question is whether changes of clinical sig- 
nificance exist even though values have changed, ap- _ 


parently significantly. Signal noise compounds the - 


problem. Comparison of electrocardiograms has also 


been developed by the Pordy and MacFarlane pro- - 


grams. 


Basic to any comparison is the need to consider cod- à 
ing of electrocardiograms when initially taken. Booth — 
g 


3 


and Hull!!? produced an early coding system used by 
the MSDL program and now available for the IBM 
version. The Minnesota code" has been popularized 
through its use in the World Health Organization.!”° It 


is suitable for epidemiologic studies but is not popular 
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in clinical work because it does not correlate diagnosis — 


with wave configuration; however, the code does lend 
itself to computerization. A new carefully documented 


coding system to be used in computers has been recently 


designed by Robles de Medina'?! in the Netherlands. | 
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Pacemaker Analysis Systems 


Tens of thousands of persons in the United States - l 


today depend on permanent cardiac pacemakers, and 
the number is increasing yearly. The failure rate of 


pacemakers is sometimes estimated to be 50 percent 


after 20 months of use. Thus, frequent observation of 
the pacemaker’s functions and the corresponding 
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electrocardiograms produced allow one to anticipate | 
failures. Eighty percent of pacemaker failures now are — 


caused by battery exhaustion although newer batteries, 
including the nuclear-powered variety, may change this. 


outlook. Pulse generators generally have a rate change © 


feature as a function of decline in battery voltage (that 


is, each triggered unit has a magnetic switch driving the : 


unit to an asynchronous rate related to the battery 
voltage). As a result, heart rate data transmitted over 
the telephone lines by means of a frequency-modulated 
carrier can detect a reduction in battery power. 
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Several pacemaker analysis systems have been de- 
veloped that permit evaluation of pacemaker function 
in the patient's clinic or physician's office or even his 
home.!?? [n such systems, an electrocardiographic 
transmitter is used to send the patient's electrocardio- 
gram or pacemaker artifact over standard telephone 
lines to a computer system for immediate analysis. One 
in-hospital system was developed at the George 
Washington University Medical Center as a result of 
previous experiences with MSDL-transmitted elec- 
trocardiograms.!?? Several groups perform similar 





analyses. The computer electrocardiographic programs 
designed for diagnostic purposes should be, but gener- 
ally are not, capable of analyzing pacemaker malfunc- 
tion. The majority of programs recognize pacemaker 
rhythms to a varying extent. 


Acknowledgment 


Appreciation is expressed to Mr. Albert N. Zara, assistant 
editor of Clinical Engineering News, for assistance with this 
manuscript. 


References 


1. The Computer Assisted Electrocardiography Market. New York, 
Frost and Sullivan, 1974 
2. Helppi RR, Unite V, Wolf HK: Suggested minimal performance 
requirements and method of performance evaluation for computer 
ECG analysis programs. Can Med Assoc J 108:1251-1257, 
1973 
3. Milliken JA, Wartak J, Lywood DW: ECG data acquisition for 
computer analysis. Can Med Assoc J 102:1281-1285, 1970 
4. Milliken JA, Wartak J, Fay JE: Computer recognition of elec- 
trocardiographic waveforms. Can Med Assoc J 103:365-370, 
1970 
5. Milliken JA, Wartak J, Orme W: Diagnostic evaluation of ECG 
data by a computer. Can Med Assoc J 104:801-805, 1971 
6. Wartak J. Milliken JA, Karchmar J: Computer program for di- 
agnostic evaluation of electrocardiograms. Comput Biomed Res 
4:235-238, 1971 
7. Wartak J, Milliken JA, Karchmar J: Computer program for pattern 
recognition of electrocardiograms. Comput Biomed Res 3: 
344-374, 1970 
8. Milliken JA: Canadian colloquium on computer-assisted inter- 
pretation of electrocardiogram. Il. Some considerations relevant 
to the selection of ECG program. Can Med Assoc J 108:1232- 
1238, 1973 
9. Milliken JA, Wartak J, Lywood DW, et al: Validity of computer 
interpretation of electrocardiogram. Can Med Assoc J 104: 
1147-1150, 1971 
10. Schmitt OH, Caceres CA: Electronics and Computer Assisted 
Studies of Biomedical Problems. Springfield, Ill, Charles C 
Thomas, 1964, p 314 
11. Computers, Electrocardiography and Public Health, PHS Publi- 
cation 1644. Washington, DC, US Government Printing Office, 
1967 
12. Caceres, CA, Rikli AH: Diagnostic Computers. Springfield, III, 
Charles C Thomas, 1969, p 86 
13. Caceres CA, Dreifus LS: Clinical Electrocardiography and 
Computers. New York, Academic Press, 1970, p 471 
14. Padwo S, Eden M: Federal Agency Development in Medical En- 
gineering. Washington, DC, National Academy of Engineering, 
1972 
15. The Computer Assisted EKG, From Laboratory to Community. A 
Report on the Denver Demonstration. Public Health Service, 
Department of Health, Education and Welfare, Publication (HRA) 
74-3104, Washington DC, US Government Printing Office, 
1973 
16. Steinberg CA, Caceres CA: Accuracy in recording medical data 
on magnetic tape. Presented at 15th Annual Meeting Electrical 
Techniques in Medicine and Biology, Chicago, Ill, 1962 
17. Caceres CA, Steinberg CA, Gorman PA, et al: Computer aids 
in electrocardiography. Ann NY Acad Sci 118:85-102, 1964 
18. Gorman PA, Calatayud JB, Abraham S, et al: Observer variation 
in interpretation of the electrocardiogram. Med Ann DC 33:97-99, 
1964 
19. Cooper JK, Caceres CA: Transmission of electrocardiograms 
to computers. Milit Med 129:457—464, 1964 
20. Dobrow RJ, Gorman PA, Calatayud JB, et al: Accuracy of 
Electrocardiographic Measurements By Computer. Am J Med 


4274 Gantamhar 107&R Tha Amariran laurnal af CADNINI AAV 


Electronics 4:121—126, 1965 

21. Dobrow RJ, Fieldman A, Clason WPC, et al: Transmission of 
electrocardiograms from a community hospital for remote 
computer analysis. Am J Cardiol 21:687-698, 1968 

22. Caceres CA, Hochberg HM: Performance of the computer and 
physician in the analysis of the electrocardiogram. Am Heart J 
79:439—443, 1970 

23. Fieldman A, Dobrow RJ, Reinfrank RF, et al: Evaluation of routine 
ECG screening of an outpatient population with computer diag- 
noses. JAMA 205:627-630, 1968 

24. Gorman PA, Evans JM: Computer analysis of the electrocardi- 
ogram: evaluation of experience in a hospital heart station. Am 
Heart J 80:515-521, 1970 

25. Travis J: Computer read electrocardiograms. A reproducibility 
study. In, Automated Health Test (Hsieh RKC, ed), US 
of Health, Education and Welfare, Publication 1730-0011. 
Washington DC, US Government Printing Office, 1971 

26. Caceres CA: Biomedical Telemetry. New York, Academic Press, 
1965, p 392 

27. Wolf H, Rautaharju PM: Assessment of precision and accuracy 
of computer programs for analysis of electrocardiograms. In, 
Measurement in Exercise Electrocardiography (Blackburn H, ed). 
Springfield, IIl, Charles C Thomas, 1969, p 168-180 

28. Fleischli G, Moore D, Amlinger R, et al: Experience Comparing 
Diagnosis of Two Computerized ECG Interpretation Systems to 
Physician Interpreters. Exhibit, 19th Annual Scientific Session, 
American College of Cardiology, New Orleans, 1970 

29. Bailey JJ, Itscoitz SB, Hirshfeld JW Jr, et al: A method for 
evaluating computer programs for electrocardiographic inter- 
pretation. |. Application to the experimental IBM program of 1971. 
Circulation 50:73-79, 1974 

30. Bailey JJ, Itscoitz SB, Grauer LE, et al: A method for evaluating 
computer programs for electrocardiographic interpretation. Il. 
Application to version D of the PHS program and the Mayo Clinic 
program of 1968. Circulation 50:80-87, 1974 

31. Bailey JJ, Horton M, Itscoitz SB: A method for evaluating com- 
puter programs for electrocardiographic interpretation. Ill. Re- 
producibility testing and the sources of program errors. Circulation 
50:88-93, 1974 

32. Neufeld HN, Sive PH, Riss E, et al: The use of a computerized 
ECG interpretation system in an epidemiologic study. Methods 
Inf Med 10:85-90, 1971 

33. Neufeld HN, Medalie JH, Riss E, et al: Selected findings of the 
Israeli Ischemic Heart Disease Study. Geriatrics 134—136, 
1973 

34. Craig JL, Derryberry OM: Applied concepts of automation in an 
occupational medical program. Ind Med Surg 40:9-17, 1971 

35. Acker JJ, Acker JE Jr, Overhold BM: A comparison of electro- 
cardiograms interpreted by physician and computer. J Tenn Med 
Assoc 65:439-441, 1972 

36. Simmons R: The clinician's view. In, Proceedings, Seminar on 
the Computer in Clinical Electrocardiography. Washington DC, 
Assoc Adv Med Instr, 1974 

37. Elliott RV: Clinical application in community hospitals. In, Con- 
ference Proceedings: Computer Applications in Blectrocardiog- 
raphy, Washington, DC, 1972. In preparation 


Af locum 40 


39. 


40. 
41. 
42. 
43. 
44. 
45. 


46. 
47. 


48. 


49. 


50. 
51. 
52. 
53. 


54. 


55. 


56. 
57. 


58. 
59. 


60. 


61. 


62. 


63. 





SETA Pap EARL SS DEPT TITTLE m aree ce EET LE SERT SA SERES 
COMPUTER INTERPRETATION OF ELECTROCARDIOGRAMS—CACERES - 


. Caceres CA: A new user oriented electrocardiographic program. 


G Ital Cardiol 5:272-278, 1975 

Feruglio GA, Feraco E, Maisano G: Ill programma Caceres— 
USPHS (Versione HP-3). Considerazioni sull' analisi automatica 
di 40,000 ECG. In, L'Analisi Automatica Dell' Elettrocardiogramma 
(Feruglio GA, ed). Rome, Edizioni Luiai Pozzi, 1975, p 114 
Borun ER, Chapman JM, Massey FO: Computer analysis of Frank 
lead electrocardiographic data recorded in an epidemiologic 
study. Am J Cardiol 18:664—67 1, 1966 

Taback L: Analog Digital Conversion Equipment for Electrocar- 
diographic Data, National Bureau of Standards, Tech. Note 42. 
Washington, DC, US Government Printing Office, 1960 
Taback L, Marden E, Mason HL, et al: Digital recording of 
electrocardiographic data for analysis by a digital computer. IRE 
TN, Medical Electronics 6:167, 1959 

Pipberger HV, Fries ED, Taback L, et al: Preparation of elec- 
trocardiographic data for analysis by digital electronic computer. 
Circulation 21:413-418, 1960 

Pipberger HV, Fries ED: Automatiche Analyse kardiologischer 
Analog-Daten mittels elekronischer Reschenmaschinen. Med 
Dok 4:58-61, 1960 

Stallman FW, Pipberger HV: Automatic recognition of electro- 
cardiographic waves by digital computer. Circ Res 9:1138-1143, 
1961 

Stallman FW: A computer program for automatic analysis of 
electrocardiograms. Am Heart J 67:136—- 137, 1964 

Pipberger HV: Analysis of electrocardiograms by digital computer. 
Methods Inf Med 1:69-71, 1962 

Pipberger HV, Stallman FW, Yano K, et al: Digital computer 
analysis of the normal and abnormal electrocardiogram. Prog 
Cardiovasc Dis 5:378-392, 1963 

Pipberger HV, Pipberger HA: Display and analysis of electro- 
cardiographic data. Am J Cardiol 14:307-316, 1964 

Ishikawa K, Berson AS, Pipberger HV: Electrocardiographic 
changes due to cardiac enlargement. Am Heart J 81:635-643, 
1971 

Ishikawa K, Batchlor C, Pipberger HV: Reduction of electro- 
cardiographic beat-to-beat variation through computer wave 
recognition. Am Heart J 81:236-241, 1971 

Kerr A Jr, Adicoff A, Klingeman JD: Computer analysis of the 
orthogonal electrocardiogram in pulmonary emphysema. Am J 
Cardiol 25:34-45, 1970 

Kini PM, Eddleman EE Jr, Pipberger HV: Electrocardiographic 
differentiation between left ventricular hypertrophy and anterior 
myocardial infarction. Circulation 42:875-881, 1970 
Eddleman EE Jr, Pipberger HV: Computer analysis of the or- 
thogonal electrocardiogram and vectorcardiogram in 1,002 pa- 
tients with myocardial infarction. Am Heart J 81:608-621, 
1971 

McCaughan D, Littmann D, Pipberger HV: Computer analysis 
of the orthogonal electrocardiogram and vectorcardiogram in 939 
cases with hypertensive cardiovascular disease. Am Heart J 
85:467—-482, 1973 

Gamboa K, Klingeman JD, Pipberger HV: Computer diagnosis 
of biventricular hypertrophy. Circulation 39:72-82, 1969 
Cornfield J, Dunn RA, Batchlor CD, et al: Multigroup diagnosis 
of electrocardiograms. Comput Biomed Res 6:97—120, 1973 
Pipberger HV, Cornfield J, Dunn RA: Diagnosis of the electro- 
cardiogram. In, Computer Diagnosis and Diagnostic Methods 
(Jaquez J, ed). Springfield, IIl, Charles C Thomas, 1972, p 355 
Pipberger HV: Computer analysis of the electrocardiogram. In, 
Computers in Biomedical Research (Stacy RW, Waxman RD, ed, 
Vol 1). New York, Academic Press, 1965, p 377-407 
Klingeman J, Pipberger HV: Computer classification of elec- 
trocardiograms. Comput Biomed Res 1:1-17, 1967 

Pipberger HV, Cornfield J: What ECG computer program to 
choose for clinical application. The need for consumer protection. 
Circulation 47:918-920, 1973 

Pipberger HV, Cornfield J: Evaluating computer ECG programs. 
Circulation 50:1287, 1974 

Smith RE, Hyde CM: A computer system for electrocardiographic 
analysis. Proceedings Third Annual Rocky Mountain Bioengi- 
neering Symposium, University of Colorado, Boulder, Colorado, 
1966 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


7 


— 


72. 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


m- 8. — AR. —— AAA 


Smith RE, Hyde CM: Computer analysis of the electrocardiogram 
in clinical practice. In, Electrical Activity of the Heart (Manning 
GW, Ahuja SP, ed). Springfield, Ill, Charles C Thomas, 1969, p 
305-315 

Hu KC, Francis DB, Gau GT, et al: Development and performance . 
of Mayo-IBM electrocardiographic computer analysis programs 
(V70). Mayo Clin Proc 48:260—-268, 1973 

Guller B, Berg KL, Weidman WH, et al: Computer interpretation 
of Frank vectorcardiogram in normal newborns: identification 
of right ventricular dominance patterns. J Electrocardio! 5: 
307-316, 1972 

Guller B, O'Brien PC, Smith RE, et al: Computer interpretation 
of right ventricular hypertrophy from Frank vectorcardiogram in 
children with congenital heart disease. Mayo Clinic Proc 49: 
466-473, 1974 

Smith RE: The use and abuse of a system: a discussion. In Ref 
37 

Bertrand CA, Godbols EC, Duffy JC, et al: How the computer 
helps the cardiologist interpret ECG's. Ind Med Surg 42:14-15, 
1973 

Bruce RA, Yarnell SR: Reliability and normal variations of com- 
puter analysis of Frank electrocardiogram by Smith-Hyde program 
(1968 version). Am J Cardiol 29:389-396, 1972 


. Enderle J: Application de l'ordinateur au diagnostic electrocar- 


diographique en partique hospitaliere. Acta Cardiol (Brux) 25: 
357-377, 1970 

Enderle J: Diagnostic capability of computer electrocardiograms. 
In Ref 37 

Pordy L: Computers in the identification of cardiac arrhythmias. 
Geriatrics 26:162—168, 1971 

Pordy L: Computer analysis of cardiac arrhythmias. Cardiovasc 
Clin 2:281-293, 1970 

Pordy L, Jaffe H, Chesky K, et al: Computer analysis of elec- 
trocardiograms: a joint project. J Mt Sinai Hosp NY 21:69-88, 
1967 

Pordy L, Jaffe H, Chesky K, et al: Computer diagnosis of elec- 
trocardiograms. IV. A computer program for contour analysis. 
Comput Biomed Res 1:408-433, 1968 

Bonner RE, Crevasse L, Ferrer MI, et al: A new computer pro- 
gram for analysis of scalar electrocardiograms. Comput Biomed 
Res 5:629-653, 1972 

Crevasse L, Ariet M: A regional computerized EKG processing 
center. J Fla Med Assoc 58:41-45, 1971 

Crevasse L, Ariet M: New scalar computer EKG program for 
on-line central EKG processing. J Fla Med Assoc 60:Suppl:20—-28, 
1973 

Crevasse L, Ariet M: A new scalar electrocardiographic computer 
program. Clinical evaluation. JAMA 226:1089-1093, 1973 
Scheinok P, Dreifus LS, Thum KW, et al: Computer-aided ECG 
analysis in research in a clinical setting. J Electrocardiol 5: 
377—384, 1972 

Talbot S, Dreifus LS, Watanabe Y, et al: Normal measurements 
of modified Frank corrected orthogonal electrocardiograms and 
their importance in an on-line computer-aided electrocardio- 
graphic system. Br Heart J 36:475-480, 1974 

MacFarlane PW, Lorimer AR, Lawrie TD: Comparison of 3 and 
12 lead cardiogram computer interpretations. Br Heart J 32: 
554—555, 1970 

MacFarlane PW, Lorimer AR, Lawrie TD: 3 and 12 Lead elec- 
trocardiogram interpretation by computer. A comparison on 1093 
patients. Br Heart J 33:266-274, 1971 

MacFarlane PW: ECG waveform identification by digital computer. 
Cardiovasc Res 5:141-146, 1971 
MacFarlane PW, Cawood H, Taylor TP, et al: Routine automated 
electrocardiogram interpretation. Biomed Eng 7: 176-180, 
1972 

MacFarlane PW, Lawrie TD: Initial experiences of routine au- 
tomated electrocardiographic interpretation. Br Heart J 34:203, 
1972 

MacFarlane PW, Lawrie TD: Automated ECG interpretation in 
the National Health Service. Computers, Digital, Diagnostic, 
Computer Assisted. Proc R Soc Lond 184:455-471, 1973 
Arvedson O: Experiences from automatic evaluation of electro- 
cardiograms in connection with a large health screening exami- 


Wh. AIL larna lat CADMNINI ACV Valhiuma ar 


427R.* 


P. 


Y we be Aere Cen ou J 


WERL: 


[Tyler T 


Paros uw 


90. 


91. 
92. 


93. 
94. 


95. 


96. 
97. 
98. 
99. 


100. 
101. 


102. 
103. 


. 104. 
105. 
106. 


. 107. 


. 376 


nation. Ann J Int Med: Faculta Sci Toulouse, 1972 

Van Bemmel JH, Hengovold SJ: Clustering algorithm for QRS 
and ST-T waveform typing. Comput Biomed Res 6:442—456, 
1973 

Van Bemmel JH, Duistorhout JS, Van Herpen G, et al: Push 
Button VCG/ECG Processing System. In, Computer Applications 
on ECG and VCG Analysis (Zywietz C, Schneider B, ed). Am- 
sterdam, North Holland Publishing, 1973, p 112-130 

LeBlanc AR, Roberge FA: Canadian colloquium on computer- 
assisted interpretation of electrocardiograms. Ill. Present state 
of arrhythmia analysis by computer. Can Med Assoc J 108: 
1239-1251, 1973 

Dreifus LS: The need for and the need of arrhythmia programs. 
In Ref 37 

Willems JL, Pipberger HV: Arrhythmia detection by digital 
computers. Comput Biomed Res 5:263-278, 1972 

Haisty WK Jr, Batchlor C, Cornfield J, et al: Discriminant function 
analysis of RR intervals: an algorithm for on-line arrhythmia di- 
agnosis. Comput Biomed Res 5:247-255, 1972 

Holmes JR: Use of an on-line computer in a study of cardiac ar- 
rhythmia. J Electrocardiol 5:333-339, 1972 

Geddes JS, Warner HR: A PVC detection program. Comput 
Biomed Res 5:493-508, 1971 

Rey W, Laird JD, Hugenholtz PG: P-wave detection by digital 
computer. Comput Biomed Res 4:509—522, 1971 

Caceres CA: Computer recognition of cardiac arrhythmias. 
Cardiovasc Clin 2:295-306, 1970 

Yanowitz F, Kinias P, Rawling D, et al: Accuracy of a continuous 
real-time ECG dysrhythmia monitoring system. Circulation 50: 
65-72, 1974 
Miller AC, Hoare MR, Rey W, et al: Two approaches to arrhythmia 
detection by digital computer in the coronary care unit. Folia Med 
Neerl 14:209-217, 1971 

Johnson TS: Computer assisted arrhythmia identification. Ala J 
Med Sci 8:262, 1971 

Feldman CL: Computers in cardiology. Conference, National 
Institutes of Health, Bethesda, Md, October 1974 
Von Der Groeben J, Toole JG, Weaver CS, et al: Noise reduction 
in exercise electrocardiograms by digital filter techniques. In Ref 
27, p 41-60 

Berson AS, Pipberger HV: The low-frequency response of 
electrocardiographs, a frequent source of recording errors. Am 
Heart J 71:779-789, 1966 

Rosner SW, Leinbach RC, Presto AJ, et al: Computer analysis 
of the exercise electrocardiogram. Am J Cardiol 20:356-362, 
1967 

Jackson LK, Simmons R, Leinbach RE, et al: Noise reduction 
and representative complex selection in the computer analyzed 
exercise electrocardiogram. In Ref 27, p 73-107 






108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 





Elliot SE, Miller CW, Armstrong WT Jr: The use of the digital 
computer in the study of patients during exercise-induced stress. 
Am Heart J 79:215-222, 1970 

Davies CT, Kitchin AH, Knibbs AV: Computer quantitation of ST 
segment response to graded exercise in untrained and trained 
normal subjects. Cardiovasc Res 5:201-209, 1971 

McHenry P: Computer quantitation of the ST segment in response 
to maximal treadmill exercise. In Ref 27, p 61-72 

Arnold TG, Woody RH, Newman EV: Digital computer quantitation 
of electrocardiographic repolarization changes for studies of 
ischemic coronary heart disease. Comput Biomed Res 4:594— 
606, 1971 

Newman EW, Crofford OB, Arnold TG, et al: Quantitative ob- 
jective assessment of myocardial ischemia. Presentation of the 
design, and illustration by a case study, of a method to determine 
process of coronary disease by using objective measurements 
of the electrophysiological deficits caused by the response to a 
scale to precise steady exercise stimuli. Trans Am Clin Climatol 
Assoc 81:130- 142, 1970 

Pryor TA, Ridges JD: A computer program for stress test data 
processing. Comput Biomed Res 7:360-368, 1974 

Rautaharju PM, Wolf HK: Computer interpretation and classifi- 
cation of exercise electrocardiograms, vector cardiographic 
aspects (Hoffman |, ed). In, XIth International Symposium on 
Vectorcardiography, New York and Amsterdam, North Holland 
Publishing, 1971, p 706 

Rautaharju PM, Warren J, Wolf H: Waveform vector analysis of 
orthogonal electrocardiograms: quantification and data reduction. 
J Electrocardiol 6:103-111, 1973 

Wolf HK, Macinnis PJ, Stock S, et al: Computer analysis of rest 
and exercise electrocardiograms. Comput Biomed Res 5: 
329-346, 1972 

Pryor TA, Lindsay AE, England RW: Computer analysis of serial 
electrocardiograms. Comput Biomed Res 5:709-7 14, 1972 
Pryor TA, Russell R, Budkin A, et al: Electrocardiographic in- 
terpretation by computer. Comput Biomed Res 2:537, 1969, p : 
542 

Booth RW, Hull HB: Complete system for ECG processing ap- 
plicable to mechanical sorting. JAMA 171:2295—2299, 1959 
Rose GA, Blackburn H: Cardiovascular Survey Methods. Geneva, 
World Health Organization, 1968 

Robles de Medina EO: A New Coding System for Electrocardi- 
ography. Amsterdam, Excerpta Medica, 1972 

Furman S: Transtelephonic observation of implanted cardiac 
pacemaker. Med Instrum 7:196-202, 1973 

Klingenmaier CH, Moyer PR, Aunon Jl, et al: A method of 
computer assisted pacemaker surveillance from a patient's home 
via telephone. Comput Biomed Res 6:325-335, 1973 


Sentemher 1976 The American .lnurnal o£ CARNINI ARV Vahima 20 


ST TTE aa aa ee a a ET | T——— " - i ——— 
M f : A i. 44 ar d i i E EE S DISUEOUPAOM WETTER RET RE E m SCT RF PEE? GOVE "T. — Mp = " : 

Ww cc r , | e ^ , Y X A s . Mos À "ui j yA) eue: Pos di vA d < " aU Jy - , T "pos -T ` m ae EE Ping gt : “3 " wr » f r "m 2 ee hi NT TTA 
* . J v P ` 4 E Y . » ; » , v Ver y? y » E, yn 


- 


CASE REPORTS 





Prolapse of the Mitral Valve (Floppy Valve) Associated 
With Ebstein's Anomaly of the Tricuspid Valve 


WILLIAM C. ROBERTS, MD, FACC Prolapse of the mitral valve is described in two patients with the Ebstein's 
D. LUKE GLANCY, MD, FACC* anomaly of the tricuspid valve. This association has not been described 
RONALD P. SENINGEN, MD' previously. It is probable, however, that this association is not a rare one, - 
BARRY J. MARON, MD but that clinical features of the prolapsing mitral valve are obscured by - 
STEPHEN E. EPSTEIN, MD, FACC those resulting from the malformed tricuspid valve. Opportunity also was | 
Bethesda, Maryland provided to study anatomically the mitral valve of a patient known to have - 


a systolic click and a late systolic murmur (the Barlow syndrome). Al- 

though there have been several anatomic descriptions of floppy mitral | 
valve at necropsy, they have been extremely rare in patients known to - 
have the classic auscultatory features of the Barlow syndrome. f 
Ebstein’s anomaly of the tricuspid valve is usually either isolated or - 
associated with a fossa ovalis type of atrial septal defect. The Ebstein ~ 
type of anomaly is also extremely common on the left side of the heart . 
in patients with corrected transposition of the great vessels. Pulmonary - 
stenosis, ventricular septal defect, hypoplastic pulmonary trunk, hy- - 
poplastic ascending aorta and pulmonary atresia with intact ventricular | 
septum are other cardiac malformations that occasionally occur in pa- . 
tients with Ebstein's anomaly. This report describes two patients with | 
Ebstein's anomaly who also had prolapsing posterior mitral leaflets, an. 
association that, to our knowledge, has not been described previously. 


Report of Patients 
Case 1 


An 18 year old girl was found to have a precordial murmur at age 4 years. Al- 
though she led an active life she never had symptoms of cardiac dysfunction. | 
Fourteen months before death she had a fracture of the right femur and was 
found to have Ewing's sarcoma. Her condition progressively deteriorated 
thereafter and she had widespread metastases. During the last 14 months she 
was admitted on several occasions to the National Cancer Institute. The blood 
pressure was 100/60 mm Hg. The neck veins were flat. The heart was large (Fig. 
1), and a prominent impulse was palpated along the left sternal border. The heart 
sounds were normal and the second heart sound, heard at the base, was split | 


From the Laboratory of Pathology and Cardiology normally. A systolic click was heard over the cardiac apex. A grade 3/6 late sys- 


Branch, National Heart and Lung Institute, and the tolic murmur of the regurgitant type was heard over the precordium, left axilla 

Department of Diagnostic Radiology, Clinical and left side of the back, and it was loudest over the apex. No diastolic murmur. 

Center, National Institutes of Health, Bethesda, Md. was audible. The electrocardiogram (Fig. 2) revealed sinus tachycardia, non- 

Manuscript received June 18, 1975; revised specific ST-T wave changes and an intraventricular conduction defect (QRS 

manuscript received July 31, 1975; accepted interval 0.09 second). 

September 3, 1975. ^ At necropsy, she weighed 41 kg, and the bone tumor had metastasized widely. 
Present address: Department of Medicine, The heart weighed 300 g and the posterior wall of the right ventricle was thin 


Hotel Dieu Hospital and Louisiana State University 
School of Medicine, New Orleans, La. 70161. 

t Present address: Northwestern Hospital, 
Chicago Ave. at 27th St., Minneapolis, Minn. 


and bulged prominently posteriorly (Fig. 3). The right atrium was huge. The 
entire septal and posterior tricuspid valve leaflets were displaced downward to 
the point where their basal attachment actually was to the endocardium of the 


55407. ventricular septum (Fig. 3). Most of the anterior tricuspid leaflet arose normally 
Address for reprints: William C. Roberts, MD, from the true tricuspid valve anulus. The most caudal portion of the displaced 
Bldg. 10A,'Rm. 3E30, NIH, Bethesda, Md. tricuspid valve formed an accessory orifice about 2 by 2 cm. The outflow portion 


20014. of the wall of the right ventricle was of normal thickness. 
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— FIGURE 2. Case 1. Electrocardiogram. 
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_ The left atrium was of normal size. A valve-competent 
patent foramen ovale was present (Fig. 3). The mitral leaflets 
.. were focally but extensively thickened and the posterior leaflet 
-protruded abnormally backward toward the left atrium during 
. simulated ventricular systole (Fig. 4). The left ventricular 
i cavity appeared mildly dilated. Both semilunar valves were 
. normal. Histologic study disclosed a marked increase in the 
à amount of acid mucopolysaccharide material in the mitral 
- valve leaflets (Fig. 4). 


Case 2 


- A36 year old woman was found to have a precordial mur- 
. mur when pregnant at age 21 years. After a full-term normal 
. pregnancy and normal delivery she was admitted for evalua- 
tion of the murmur. She had always been entirely asymp- 
_ tomatic despite participation in strenuous activities. A brother 
. had died of a cardiac condition at age 5 months, and a niece 
. had had a cardiac operation for a congenital cardiac defect. 
. On examination, an impulse and systolic thrill were palpated 
along the left sternal border. The second heart sound was 
- widely split and the interval between its two components did 
. not vary with respiration. A grade 2/6 systolic murmur was 
audible along the left sternal border. The chest roentgenogram 
(Fig. 5) disclosed pectus excavatum and slight cardiomegaly. 
The electrocardiogram revealed sinus rhythm and incomplete 
right bundle branch block (QRS interval 0.10 second). At 
cardiac catheterization (Table I), Cardiogreen® dye curves 
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FIGURE 1. Case 1. Chest roentgeno- 
grams demonstrating mild cardiomeg- 
aly with right ventricular prominence, 
normal pulmonary vascularity and 
normal-sized left atrium. 


TABLE | 


Case 2: Intravascular Pressures (in mm Hg) at Cardiac 
Catheterization 
EA BSc NS ee eter eT A 


Age (yr) 
21* 23 33 

RE LL DRESS Le i SE ue 4X 
Pulmonary artery 18/4 15/5 24/14 
Right ventricle 18/2 15/3 24/9 
Right atrium 

Mean 1 2 8 

V wave Ld 5 10 
Pulmonary arterial wedge der "det 14 
Systemic artery 90/55 110/54 90/60 
Left ventricle PN 5 90/13 


*Preoperative data before closure of atrial septal defect at this 
age. 


revealed a left to right shunt at the atrial level. The arterial 
oxygen saturation was 98 percent. At operation, the right 
atrium was very dilated and the tricuspid valve was displaced 
caudally. A defect, approximately 3 by 3 cm, was present in 
the midportion of the atrial septum and was closed with a 
Teflon® patch. The immediate postoperative period was un- 

eventful. ! 

Postoperative course: When seen 20 months postopera- 
tively (at age 23), she was asymptomatic and had given birth 
to another child without difficulty. Reexamination disclosed 
a left parasternal impulse and a grade 1/6 early systolic mur- 
mur along the left sternal border. T'he second heart sound was 
normal. The electrocardiogram and chest roentgenogram were 
unchanged. Cardiac catheterization revealed normal intra- 
cardiac pressures (Table I) and no shunts. 

At age 31 (10 years postoperatively) the chest roentgeno- 
gram showed more cardiomegaly. She remained asymptomatic 
until age 33 when paroxysmal atrial tachycardia with varying 
block suddenly developed. Reexamination disclosed elevated 
mean central venous pressure, normal cardiac sounds, a sys- 
tolic click, and a grade 3/6 pansystolic murmur loudest over 
the cardiac apex with radiation into the left axilla, The mur- 
mur did not increase during inspiration. The chest roent- 
genogram (Fig. 5) now showed massive enlargement of the 
right atrium. The electrocardiogram revealed atrial tachy- 
cardia and a right ventricular conduction defect. 


Cardiac catheterization (Table I) revealed no shunts; the 
cardiac index was 1.7 liters/min per m2. Right atrial and right 
ventricular cineangiograms disclosed marked enlargement of 
the right atrium and caudal displacement of the tricuspid 
valve (Fig. 6); the levophase showed enlargement of the left 
atrium. The left ventriculogram showed mitral valve prolapse 
(Fig. 6). The presence of ventricular premature beats during 
the latter procedure prevented definitive determination of the 
presence or absence of mitral regurgitation. 

During the past 3 years she has received quinidine daily and 
has had no further arrhythmias. Echocardiographic studies 
have been obtained, and they are consistent with the diagnosis 
of mitral valve prolapse. 


Comments 


Mitral valve prolapse in Ebstein’s anomaly: It is 
now well recognized that the mitral valve prolapse 
syndrome is a common condition, most often presenting 
as a mid-systolic click with or without a late systolic 
murmur. It occurs in all age groups, newborn to elderly, 
and it is probably more frequent in women. Although 
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severe chest pain, serious ventricular arrhythmias and 
sudden death may occur, mitral valve prolapse is usually 
a benign condition. The ‘“‘mid-systolic click and late 
systolic murmur syndrome" (the Barlow syndrome) 
probably occurs most frequently in persons without 
other evidence of cardiac disease, but mitral valve 
prolapse has been described in persons with underlying 
cardiac disease, including the Marfan syndrome, trau- 
ma, atrial septal defect, hypertrophic cardiomyopathy 
and even ischemic and rheumatic heart disease. +® Its 
occurrence in patients with the Ebstein anomaly has not 
been described previously. The reasons may be several: 
(1) The association may be rare; (2) auscultatory find- 
ings, namely, the systolic click and mid-late systolic 
murmur, may be obscured by the murmur of tricuspid 
regurgitation and also by flow murmurs resulting from 
a right to left shunt at the atrial level, a left to right 
shunt at the ventricular level, or both; (3) left ventric- 
ular angiographic studies are infrequently performed 
in patients with Ebstein’s anomaly; (4) there may be no 


True 
anulus 


Displaced 


N anulus 


FIGURE 3. Case 1. The heart at autopsy. a, b and c, anterior, posterior and lateral views, respectively, of its external aspects demonstrating a thinned 
parchment-like (atrialized) right ventricular wall bulging posteriorly above the attachment of the tricuspid valve leaflets. d, opened right atrium (RA) 
and ventricle (RV) showing marked downward displacement of the posterior and septal tricuspid leaflets. The atrialized portion of the right ventricle 
behind the posterior leaflet is the part that bulges (b and c). Dashed line = true anulus; solid line = anulus in this patient. e, tricuspid valve (TV) 
from below displaced deep into the right ventricular cavity. Two valve orifices are present (TV; and TV23). f, intact atrial septum from the left atrium 
with a valvulat-competent foramen ovale. The patient was never cyanotic. LAA = left atrial appendage; LV = left ventricle; PT = pulmonary trunk; 


PV = pulmonary valve. 
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evidence of mitral regurgitation; (5) typical electro- 
cardiographic features of mitral valve prolapse, namely, 
T wave and S-T segment changes suggestive of posterior 
wall ischemia, may be overshadowed or obscured by the 
changes produced by Ebstein’s anomaly; and (6) be- 
cause an association between Ebstein’s anomaly and 
mitral valve prolapse has not been recognized pre- 
viously, the clinical features of this syndrome have not 
been carefully sought for. 


~ 


d 





Mitral valve prolapse was suspected in Patient 1 after 
auscultation, and in Patient 2 diagnosis was made with 
angiography. The levophase of the right ventricular 
cineangiogram suggested prolapsing mitral valve, and 
this diagnosis was confirmed by left ventricular cine- 
angiogram. 

The major characteristic of Ebstein’s anomaly is a 
caudal displacement of the basal attachment of the 
tricuspid valve so that it inserts onto the right ventric- 
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demonstrating focal thickening and increased acid-mucopolysaccharide deposits (dark staining). CT = chordae tendineae. (Acid-mucopolysaccharide 
[Reinhart] stains [e and f]: X 5 [e] and 36 [f], reduced by 22 percent.) 
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Age 23 
(2 years post-op) 


| Age 33 ua 
(12 years post—op) xs 


(pre-op) 


FIGURE 5. Case 2. Posteroanterior roentgenograms obtained on three occasions during a 12 year period. The left and center radiographs are similar, 
each showing mild cardiomegaly with prominent ‘‘main pulmonary segment," normal pulmonary vascularity and a normal-sized left atrium. The 
radiograph taken at age 33 (12 years after operation) shows a significant increase in cardiac size with enlargement of the right atrium. 
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tients with Ebstein’s anomaly often have defects in their _ 


ular free wall or, in some cases, onto the ventricular 
septum. The second major characteristic of Ebstein’s 
anomaly is a striking redundancy of the tricuspid leaf- 
lets. The displacement of these leaflets into the right 
ventricle and their close adherence to the underlying 
mural endocardium account for the absence of atrial 
prolapsing of these leaflets during ventricular systole. 
Thus, if, as in Ebstein’s anomaly, the right atrioven- 
tricular valve is redundant, that is, floppy, it might be 
anticipated that the chance of finding redundant or 
floppy mitral valve leaflets would be increased. 
Patients with an atrial septal defect have an increased 
frequency of mitral valve prolapse.7-!? Obviously, pa- 


FIGURE 6. Case 2. Right ventriculogram with line tracing 
(upper panels) in the posteroanterior projection dem- 
onstrates during diastole leftward displacement of the 
tricuspid valve (arrows). Dotted lines indicate the normal 
position of the tricuspid valve. The inferior border of the 
right ventricle (RV) is notched at the demarcation between 
the ‘‘atrialized right ventricle” (ARV) and the body of the 
right ventricle. The left ventriculogram with line tracing 
(lower panels) in the right anterior oblique view during 
systole demonstrates prolapsing posterior leaflet (PPL) 
of the mitral valve over its anulus (a) into the left atrium. 
The posterior leaflet is scalloped (horizontal arrows). 
LV = left ventricle. 








FIGURE 7. Diagram showing likely auscultatory pro- 
gression in'the prolapsing mitral valve syndrome (see 
text). CHF — congestive heart failure. 
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atrial septum. This association may account in part for 
the association of mitral valve prolapse with Ebstein's 
anomaly. One of our patients had a valvular competent 
patent foramen ovale; the second had a large fossa ovalis 
defect that required operative closure. 

Anatomic findings in mitral valve prolapse: Al- 
though there is much clinical information, there is a 
striking paucity of anatomic information on patients 
with the “mid-late systolic click late systolic murmur 
syndrome."? The reason, as mentioned earlier, is simply 
that this clinical syndrome is usually (but not always!?) 
benign. Thus, Case 1 provides an opportunity to study - 
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. a floppy valve anatomically in a patient who had no 
symptoms of cardiac dysfunction as a result of the 
. "floppiness." This patient died of a malignant neo- 


ep 


plasm, not of cardiac disease. Both mitral valve leaflets 
were thickened and their area was increased in a 
transverse dimension. Interestingly, the dimensions of 
the leaflets from their basal attachments to their distal 
margins were not increased and, furthermore, the 


chordae tendineae were not elongated; indeed, many 


appeared shorter than normal. Thus, elongation of the 
_chordae tendineae is not necessary for a mitral valve 
leaflet to prolapse toward the left atrium during ven- 


tricular systole. 
Spectrum of mitral valve prolapse: In patients 
with severe mitral regurgitation due to prolapse of one 


- or both leaflets, a systolic click is rarely present and the 


X 


- systolic murmur is pansystolic rather than occurring 
only in the late or mid-late phase of systole. It is likely, 
. as has been suggested previously,*!4 that some or all of 





these patients may have had lesser degrees of prolapse 
at an earlier time, and the process progressed as shown 
in Figure 7. A prolapsing but competent valve leads to 
an isolated click, a prolapsing valve that overshoots its 
coapting cusp only in the latter part of systole may re- 
sult in the late systolic murmur with or without reten- 
tion of the systolic click. As the prolapsing becomes even 
more severe, regurgitation occurs both in early and in 
late systole; the murmur thus becomes pansystolic and 
the click vanishes. Recent electrocardiographic stud- 
ies!?16 have demonstrated that the click or the late 
systolic murmur, or both, may disappear entirely during 
some cardiac cycles; the changes are associated with a 
change in appearance of the type of posterior leaflet 
prolapse, that is, late systolic prolapse alternating with 
holosystolic prolapse. Once regurgitation occurs 
throughout systole, however, and is relatively persistent, 
it is unlikely that reversion to one of the early stages will 
occur (Fig. 7). 
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Congenitally Corrected Transposition of the Great Vessels: 
Localization of the Site of Complete Atrioventricular 
Block Using His Bundle Electrograms 


JAMES R. FOSTER, MD Complete atrioventricular block proximal to the bundle of His in a patient - 
ANTHONY N. DAMATO, MD with congenitally corrected transposition of the great vessels was docu- 

LAWRENCE E. KLINE, DO: mented using His bundle electrograms. The spontaneous rhythm probably - 
MASOOD AKHTAR, MD originated from the bundle of His and was responsive to carotid sinus - 
JEREMY N. RUSKIN, MD massage, atropine and isometric and treadmill exercise. Theseelectro- - 
Staten Island, New York physiologic observations are consistent with recent anatomic studies of - 


congenitally corrected transposition of the great vessels. 


Disturbances in atrioventricular (A-V) conduction occur frequently in 
patients with congenitally corrected transposition of the great vessels - 
and may be responsible for syncope and sudden death.!-? The electro- 
physiologic characteristics of these conduction disturbances have been: 
studied by bundle of His recording in only three previously reported : 
cases.4? In two additional cases, direct recordings from the His-Purkinje 
system were obtained during surgical repair of an associated ventricular 
septal defect. None of the five patients had complete A-V block. In this 
report we describe the successful localization of the site of complete A-V 
block using bundle of His recordings in a patient with corrected trans- 
position of the great vessels. i 
Case Report ; 

An asymptomatic, active 20 year old man was referred for evaluation of a heart- 
murmur. The blood pressure was 110/80 mm Hg and the heart rate was regular 
at 72/min. Carotid and femoral arterial pulses were normal. The lungs were clear. 
The second heart sound was split physiologically, with the first component 
loudest in the second left intercostal space. An ejection click in the second left 
intercostal space initiated a grade 2/6 crescendo-decrescendo systolic murmur. 
The click did not vary with respiration. 

The electrocardiogram (Fig. 1) revealed complete A-V block and the tracing 
as well as the chest roentgenogram suggested the diagnosis of congenitally cor- 
rected transposition of the great vessels. The results of diagnostic right and left 
heart catheterization were as follows: The pulmonary capillary wedge pressure 
was normal (V 8, Y 3, mean 5 mm Hg). The pressures in the main pulmonary 
artery and venous ventricle were 20/5 and 25/2 mm Hg, respectively, and right 
atrial mean pressure was 2 mm Hg. A small gradient between the systemic 
ventricle and aorta was recorded (respective pressures 130/3 and 115/70 mm Hg). 
The oxygen saturation levels in the main pulmonary artery, right atrium and 
superior vena cava were 75, 72 and 72 percent in that order. The cardiac output 
was 6.7 liters/min and the cardiac index 3.4 liters/min per m?. Biplane ventricular 
angiograms (Fig. 2) confirmed the diagnosis of congenitally corrected transpo- 


From the Cardiopulmonary Laboratory, U. S. sition of the great vessels. 
Public Health Service Hospital, Staten Island, N. 
Y. This work was supported in part by the Bureau Methods 


of Medical Services, National Heart and Lung In- 
stitute Project HL 12536-05. Manuscript received 
June 18, 1975; revised manuscript received Au- 


After fully informed consent was obtained from both the patient and his 
parents, right heart catheterization was performed with the patient in the 


gust 6, 1975, accepted September 17, 1975. postabsorptive, nonmedicated state. A tripolar electrode catheter was positioned 

Address for reprints: Anthony N. Damato, MD, in the usual position (as judged from an anteroposterior view) to record the 
Cardiopulmbnary Laboratory, U. S. Public Health bundle of His electrograms as previously described." Quadripolar and bipolar 
Service Hospital, Staten Island, N. Y. 10304. electrode catheters were advanced to the right atrium and venous ventricular 
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apex, respectively, and were used to pace the atrium and 
ventricle and to record a high right atrial electrogram. 

All data were recorded on seven channel magnetic tape 
using a switched beam oscilloscope (Electronics for Medicine 
model DR-12) and later transferred to photographic recording 
paper run at a speed of 150 mm/sec. Time lines were inscribed 
at intervals of 10, 100 and 1,000 msec. Surface electrocardio- 
graphic leads and intracardiac electrograms were recorded 
through 0.1 to 200 and 40 to 500 hertz filtration, respective- 
ly. 

Ventricular pacing was accomplished through an isolation 
unit using 2 msec square wave stimuli that barely exceeded 
diastolic threshold. Retrograde refractory periods of the 
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His-Purkinje system were determined by the extrastimulus 
technique?-!? at a constant paced ventricular cycle length of 
700 msec. Post-drive escape intervals were determined by 
measuring the interval from the last stimulus (after 30 seconds 
of continuous ventricular pacing) to the onset of the first 
subsequent bundle of His electrogram. S4, H; and Virepresent, 
respectively, stimulus artifact, bundle of His and ventricular 
electrograms of the basic ventricular drive beats. S», He and 
V» represent, respectively, stimulus artifact, bundle of His and 
ventricular electrograms of the premature ventricular beats. 
H-V intervals were measured from the first sharp inscription 
of the bundle of His electrogram to the earliest onset of ven- 
tricular depolarization as recorded on either the intracardiac 


FIGURE 1. Electrocardiogram showing re- 
versal of septal depolarization, with a Q wave 
in lead V, and absence of Q waves in leads 1, 
aVL, Vs and Ve. The QRS duration is 0.08 
second. The lead II (2) rhythm strip shows 
complete A-V block. Standardization: 1 cm — 
1 mv. 


FIGURE 2. Biplane ventricular angiograms taken in the anteroposterior (left) and lateral (right) views after injection of contrast medium into the systemic 


ventricle. Diagnostic features of congenitally corrected transposition of the 


great vessels are evident: a coarsely trabeculated systemit ventricular 


chamber with a separate body (B) and outflow tract (OT) that ejects into an anterior aorta (Ao) forming the left border of the upper cardiac silhou- 


ette. 
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electrogram or the surface electrocardiogram. So-He intervals 
were measured from the ventricular premature stimulus to 
the onset of the first sharp inscription of the bundle of His 
electrogram. 


Results of Electrophysiologic Evaluation 


Complete bidirectional A-V block was present at all times 
(Fig. 3). Spontaneous atrial and ventricular rates are pre- 
sented in Table I, as are the responses of the spontaneous 
rhythm and post-drive escape intervals to carotid sinus 
massage, administration of atropine and isometrtc and 
treadmill exercise. On one occasion, for approximately 10 
seconds the spontaneous ventricular rate slowed markedly to 
43/min (cycle length 1,390 msec) without concurrent slowing 
of the atrial rate, change in the QRS configuration or temporal 
proximity to pacing, carotid sinus massage or exercise. 

Bundle of His electrogram: Each ventricular complex was 
preceded by a bundle of His electrogram, with an H-V interval 
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of 35 msec. The following observations suggest that this 
electrogram represented depolarization of the bundle of His 
rather than a bundle branch potential: (1) A large atrial 
electrogram was recorded from the same electrodes used to 
record the bundle of His electrogram; (2) the H-V interval was 
within the normal range for our laboratory (35 to 55 msec); and 
(3) extensive manipulation of the catheter failed to reveal an 
earlier bundle of His electrogram. 

Ventricular pacing: Ventricular pacing from the venous 
ventricular apex (Fig. 3, lower panel) was performed at rates 
ranging from 80 to 162/min (cycle length to 370 msec). Ret- 
rograde conduction to the atria did not occur at any paced 
ventricular rate. Post-drive escape intervals ranged from 975 
to 1245 msec, with no relation between escape interval and 
paced ventricular cycle length. The escape beat always origi- 
nated from the bundle of His. 

Retrograde refractory period studies: During these 
studies (Fig. 4) the His bundle deflection could be identified 
consistently within the ventricular electrogram of the basic 
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FIGURE 3. Spontaneous rhythm (upper panel) and paced ventricular rhythm (lower panel). Complete bidirectional A-V block is present. A bundle 
of His electrogram (H) precedes each ventricular electrogram (V) by an H-V interval of 35 msec. Time lines (TL) represent intervals of 10 msec. 


A = atrial electrogram; HBE = His bundle electrogram tracing; HRA = high right atrial tracing; 1, 2, V, = standard electrocardiographic leads; S 


— stimulus artifact. 


TABLE | 
Spontaneous Atrial and Ventricular Cycle Lengths and Response to Specific Interventions (values in msec) 


Carotid Sinus Isometric Administration of 


Massage Handgrip Exercise Atropine Treadmill Exercise 
Spontaneous FN. at a Y SPEC 
Rhythm Before During Before During Before During Before During 
Atrial cycle 700—1100; 750 1040 810 730 1100 620 750; 400; 
length (55—85 bpm) (80 bpm) (150 bpm) 
Ventricular 800—850; 835 970 815 715 840 575 810; 440; 
cycle length (70—75 bpm) (74 bpm) (136 bpm) 
Post-drive , ee f enm 975—1245 690—800 ES 3$ 


escape intervals 
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bpm = beats per minute. 
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ventricular drive beats (H;). At an interval of 400 msec be- 
tween the eighth basic drive stimulus and the premature 
stimulus (S,-S» interval), the bundle of His electrogram (Hə) 
merged into the ventricular electrogram from its early position 
indicating a retrograde relative refractory period of 400 msec 
(Fig. 4A). At a shorter S;-S; interval of 370 msec, H» closely 
followed the ventricular electrogram, with an So-He interval 
of 140 msec (Fig. 4B). At shorter S,-S; intervals (350 to 330 
msec), the Ss-H» interval lengthened further and was followed 
by another ventricular depolarization (V3) (Fig. 4C). The oc- 
currence of V3 after marked retrograde conduction delay in 
the His-Purkinje system represented a form of reentry in the 
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His-Purkinje system.!° Reentry in the His-Purkinje system 
occurred consistently within a narrow zone of 81-S» intervals 
ranging between 350 and 330 msec. Retrograde block between 
the ventricle and bundle of His occurred at an S,-Se interval 
of 320 msec, which represented the retrograde effective re- 
fractory period of the His-Purkinje system (Fig. 4D). 


Discussion 


This is probably the first instance in which complete 
bidirectional A-V block in a patient with congenitally 
corrected transposition of the great vessels has been 


FIGURE 4. Retrograde refractory periods, illus- 
trating reentry within the His-Purkinje system. The 
basic ventricular cycle length (S,-S,) is constant 
at 700 msec in all panels. The retrograde His 
bundle potential during the basic ventricular drive 
r (H4) is identifiable (a sharp biphasic deflection that 
precedes the local ventricular electrogram) and 
the S,-H, interval measures 40 msec. Panel A, a 
premature ventricular stimulus (S2) is delivered at 
an S,-S; interval of 400 msec and H; merges into 
the ventricular electrogram (V2), indicating that the 
retrograde relative refractory period of the His- 
Purkinje system has been reached. Panel B, when 
the S-S% interval is decreased to 370 msec, 
conduction to the bundle of His is delayed further 
(S2-H2 interval 140 msec) and Ho appears after Vo. 
Panel C, at an S,-S; interval of 350 msec, the 
S5-H» interval increases to 245 msec and is fol- 
lowed by another ventricular beat (V3) that is 
morphologically similar to V in the electrocar- 
diographic leads and is preceded by a His bundle 
deflection. See text for details. Panel D, at an 
S4-S; interval of 320 msec, the premature impulse 
does not conduct to the bundle of His and no Hz 
occurs after Vo, indicating that the retrograde ef- 
fective refractory period of the His-Purkinje sys- 
tem has been reached. Note also the-absence of 
V3 when V> blocks in retrograde fashion below the 
bundle of His. Abbreviations as in Figure 3. 
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electrophysiologically localized to a site proximal to the 
bundle of His. Previously reported electrophysiologic 
studies of three patients with congenitally corrected 
transposition of the great vessels and first degree A-V 
block (two patients) or normal P-R interval (one pa- 
tient) have suggested conduction delay within^ or 
proximal to? the bundle of His. Recording directly from 
the proximal His-Purkinje system during cardiac sur- 
gery in an additional two patients with congenitally 
corrected transposition of the great vessels and preop- 
erative first degree A-V block showed normal conduc- 
tion time from the recording site to ventricle in both and 
delay proximal to the recording site in one.? Thus, 
electrophysiologic data in congenitally corrected 
transposition of the great vessels reported to date show 
conduction delay within or proximal to the bundle of 
His. Our case documents the occurrence of complete 
A-V block proximal to the bundle of His. 

His-Purkinje reentry: The occurrence of reentry 
in the His-Purkinje system in our patient is of interest 
because of the inverted relation of the bundle branches 
in congenitally corrected transposition of the great 
vessels, in which the left bundle branch lies on the right 
and the right bundle branch lies on the left side of the 
interventricular septum.11-1? The similarity of Vs to the 
paced ventricular complexes implies that reentry in the 
His-Purkinje system occurred by the usual mechanism!? 
despite the inversion of the bundle branches. This 
suggests that this type of reentry depends not on dif- 
ferent electrophysiologic characteristics of the bundle 
branch, but on the proximity of the ventricular pacing 
electrode to the bundle branch. The occurrence of this 
form of reentry in the His-Purkinje system also dem- 
onstrates electrophysiologically the functional and, 
presumably, anatomic continuity of the bundle of His 
with both bundle branches, a continuity also suggested 
by the normal QRS duration. 

Anatomic correlations: Recent pathologic studies 
provide an anatomic correlation for the reported elec- 


trophysiologic observations in congenitally corrected 
transposition of the great vessels.!!-!4 Twelve of 14 
hearts examined contained an “anterior [A-V] con- . 
duction system,” consisting of an “anterior [A-V] node" - 
in the anterolateral wall of the right atrium near its 
junction with the interatrial septum and an "anterior 
bundle of His" extending across the anterior subendo- 
cardial surface of the venous ventricle to the anterior 
margin of the membranous septum or, in eight cases, the 
anterior margin of an associated ventricular septal de- 
fect. An additional A-V node, usually hypoplastic, was 
also present in the usual A-V nodal location, but con- 
nected with the ventricle in only one case. In the two 
case reports in which an anterior A-V conduction system 
was not described, !-!4 the dissection may not have in- 
cluded the tissue that would contain an anterior bundle 
of His and A-V node. 

A-V nodal versus junctional and His bundle 
rhythms: In each of the five pathologic cases with prior - 
nonsurgical complete A-V block there was extensive - 
fibrosis within the anterior bundle of His and at its 
junction with the anterior A-V node.!? Therefore, the 
spontaneous rhythms in these cases must have origi- 
nated within or distal to the bundle of His. Some in- 
vestigators!? maintain that the rate of spontaneous 
rhythms of bundle of His origin is not responsive to 
vagal influences, a responsiveness restricted to junc- 
tional rhythms of A-V nodal origin. Others!$ claim that 
the A-V node lacks automaticity and is not the origin 
of junctional rhythms. If the pathologic disruption in — 
our case was similar to that in the five cases cited, the 
spontaneous rhythm must have originated in the bundle 
of His. The responsiveness of the rate of bundle of His- 
discharge to carotid sinus massage and atropine in our 
case suggests that bundle of His rhythms in other pa- | 
tients may also be susceptible to vagal influences and — 


that vagal maneuvers may not reliably differentiate — 


between junctional rhythms of bundle of His and A-V 
nodal origin. 
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A 23 year old previously healthy man was stabbed in the anterior chest. 
This resulted in a ventricular septal defect and complete atrioventricular 
(A-V) block. The electrocardiogram revealed complete A-V block with 
a QRS pattern of right bundle branch block. His bundle recordings 26 days 
later revealed A-V dissociation with split His potentials (P-H, interval of 
100 msec and H;-V interval of 40 msec). During the study the escape QRS 
shifted from right to left bundle branch block with H2 potentials still pre- 
ceding each QRS interval with H2-V intervals of 40 msec. A permanent 
pacemaker was implanted because of persistent congestive heart failure 
and bradycardia due to A-V block. The patient subsequently became 
asymptomatic. He died suddenly 3 1/2 years later. 

Pathologically there were sizable openings in both the tricuspid and 
mitral valve substance and a ventricular septal defect involving the pars 
membranacea and part of the adjacent muscular septum. Serial sections 
of the conduction system revealed total destruction and fibrous re- 
placement of the bifurcation and beginning of the right and left bundle 
branches and subtotal fibrous replacement of the branching bundle. Thus, 
the bifurcation of the bundle of His was totally absent at autopsy despite 
apparent electrophysiologic evidence of its existence 26 days after the 
stab wound. A possible explanation for this discrepancy is the subsequent 
fibrosis of the bifurcation produced by hemodynamic changes at the lower 
margin of the ventricular septal defect. 


Results of serial section study of the conduction system have been 
reported in only two patients with split His bundle potentials (His 
bundle block).! There are no reported histopathologic correlations re- 
garding site of heart block due to penetrating trauma. This report con- 
cerns a patient with a knife wound of the chest with resultant heart 
block.? Electrophysiologic studies localized the area of block to the His 
bundle. Autopsy studies 3 1/2 years later are correlated with the elec- 
trocardiographic and His bundle findings, and a seeming discrepancy 
between the electrophysiologic and pathologic data is discussed. 


Clinical Data 


This case has previously been reported in detail?? and will only be summarized 
here. The patient, a 23 year old man, heretofore in good health, was hospitalized — 
at Cook County Hospital on May 23, 1971 after a knife wound to the chest. 
Emergency thoracotomy was performed because of cardiac tamponade, and a 
puncture wound of the right ventricle was closed. Atrioventricular (A-V) dis- 
sociation was noted in the operating room, and epicardial wires were implanted 
for temporary pacing. During the postoperative period, the patient's pulse rate 
remained between 40 and 50/min in the absence of pacing. Electrocardiograms 
revealed complete A-V block with a wide QRS escape rhythm and'a pattern of 
right bundle branch block (Fig. 1). On May 28, a grade 4/6 holosystolic murmur 
was noted at the left sternal border. Diagnostic right and left heart catheter- 
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ization, performed on June 17 (26 days after the knife wound), 
demonstrated a 1.3:1 left to right shunt at the ventricular level. 
Elevated left ventricular end-diastolic pressure and moderate 
mitral insufficiency were also noted. A permanent transvenous 
pacemaker was implanted on July 28 because of persistent 
congestive heart failure and bradycardia due to A-V block. 

The subsequent clinical course was uneventful, and the pa- 
tient returned to work without symptoms. 

All subsequent electrocardiograms revealed pacemaker 
rhythm. Elective generator replacement was performed 2 
years later, on July 24, 1973, without complication. Although 
progressive cardiomegaly was noted on subsequent chest 
X-ray films and physical examinations, the patient had no 
symptoms of congestive heart failure (New York Heart As- 
sociation functional class 1) and was therefore not considered 
a candidate for mitral valve surgery. He died suddenly while 
working on January 21, 1975, approximately 3 1/2 years after 
penetrating cardiac trauma. Postmortem studies revealed 
normal function of the pacemaker and pacing electrode. 


Electrophysiologic Studies 


His bundle and left bundle branch recordings were ob- 
tained at the time of diagnostic cardiac catheterization on 
June 17, 1971. Control recordings revealed complete A-V 
dissociation with an atrial rate of 115/min and a ventricular 
rate of 50/min (Fig. 2 and 3A). QRS complexes were 140 msec 
in duration and had a pattern of right bundle branch block. 
Split His bundle potentials were recorded. The proximal His 
potentials (Hı) followed each P wave with a P-H; interval of 
100 msec (normal P-H interval 80 to 140 msec). The distal His 
bundle potential (Hə) preceded each QRS complex with an 


FIGURE 2. His bundle and left bun- 
dle branch recordings during A-V 
block. Shown in descending order 
are leads |, Il and Ill, left bundle - 
electrogram and His bundle elec- 
trogram. H4 and H» = proximal and 
distal His potentials, respectively; 
LB = left bundle potential; P = P 
waves; R = QRS complex. Note 
complete block distal to H4. The 
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H»-V interval of 40 msec (normal H-V interval 31 to 55 msec). 
These findings suggested a site of block within the His bun- — 
dle. 
Left bundle branch potentials (LB) were recorded and were — 
noted to occur 15 msec after Hs and 25 msec before the QRS 
interval (Fig. 2). Thus the H»-LB interval was 15 msec and the 
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FIGURE 1. EATEN demonstrating complete A-V block with © 
escape rhythm and a pattern of right bundle branch block. (Reprinted - 
from Rosen et al.?) 
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FIGURE 3. His bundle electrograms 
demonstrating heart block with split B. 
H potentials and escape beats with 

a pattern of both right (Panel A) and 

left (Panel B) bundle branch block. 

Panel B was recorded after infusion 
of isoproterenol. Note constant | 
Ho-V intervals with both escape 
rhythms. Paper speed is 100 
mm/sec. Abbreviations as in Figure 
2. (Modified from Rosen et al.?) 
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__ FIGURE 4. Gross views of the heart. A, right atrial and right ventricular views. RA = right atrium; RV = right ventricle; SVC = superior vena cava. 





_ Arrows point to the openings in the anterior and medial tricuspid valve produced by the knife. The ventricular septal defect can be visualized in 
one opening. B, left ventricular view. A = aorta; LA = left atrium; LV = left ventricle; VSD = ventricular septal defect produced by the knife. Arrow 
. points to the opening in the anterior leaflet of the mitral valve produced by the knife. Note the thickening of the endocardium around the ventricular 


septal defect extending over the summit of the ventricular septum. 


LB-V interval 25 msec. Both intervals were within the range 
of normal values previously described.* The sequence of Hə 
and LB potentials, with a QRS pattern of right bundle branch 
- block, suggested a His bundle rhythm with either preferential 
. left bundle branch conduction or additional right bundle 
branch block. 

The P-H, interval increased appropriately with atrial 
- pacing, and decreased during infusion of isoproterenol and 
. after administration of atropine. After infusion of isoprote- 
renol, the pattern of right bundle branch block was replaced 
by a pattern of left bundle branch block (Fig. 3B). This change 
~ occurred without a significant change in ventricular rate or 
. He-V intervals (left bundle branch potentials were no longer 
- being recorded). After administration of atropine, the QRS 
configuration varied without variation in escape rate; there 
_ were periodic patterns of complete and incomplete right and 
. left bundle branch block and some narrow QRS complexes. 
No premature ventricular contractions were noted. 


Pathologic Findings 


Examination disclosed chronic passive hyperemia of the 
. lungs and liver and moderate pulmonary edema. 


The Heart 


_ The greatly enlarged heart weighed 680 g and hypertrophy 
. and enlargement were manifested in all chambers. The tri- 
- cuspid orifice was enlarged, and the tricuspid valve presented 
. a defect measuring 1 cm in greatest length in the septal and 
anterior leaflets close to the anulus (Fig. 4A). There was a 
— small area of fibroelastosis in the anterior wall of the right 
ventricle where previous sutures had apparently been placed. 
The mitral valve orifice was greatly enlarged, and a circular 
defect, about 1.5 cm in greatest dimension, was evident in the 
anterior leaflet of the mitral valve. The edges of this defect 
were greatly thickened, especially on the ventricular side (Fig. 
4B). At the base of the ventricular septum was a defect mea- 
suring 0.5 by 0.4 cm in greatest dimension. This defect was 


situated just beneath the junction of the posterior and right 
aortic cusps in the region of the lower part of the pars mem- 
branacea partly involving the muscular portion of the septum 
(Fig. 4B). Marked endocardial thickening around the defect 
extended proximally over the summit of the ventricular sep- 
tum. The aortic orifice and valve and the two coronary arteries 
were normal. The tip of the pacemaker catheter was firmly 
attached to the endocardium of the apical region of the right 
ventricle. The fibrosis around the tip was not excessive and 
there was no thrombus formation. 


Conduction System Studies 


Methods: The sinoatrial (S-A) node and its approaches 
were serially sectioned and every 10th section was retained. 
The A-V node and its approaches, the A-V bundle and the 
beginning of the bundle branches were serially sectioned and 
every fifth section was retained. The remainder of the bundle 
branches up to the region of the moderator band were serially 
sectioned and every 10th section was retained. Consecutive 
sections of the S-A and A-V nodes, and the A-V bundle and 
beginning of the bundle branches were stained with hema- 
toxylin-eosin, Weigert-van Gieson and Gomori trichrome 
stains. ‘The remainder of the bundle branches were alternately 
stained with hematoxylin-eosin and Weigert-van Gieson 
stains. In this manner 1,120 sections were examined. This 
manner of studying the conduction system has previously 
been reported.’ The findings were controlled by the studies 
of aging changes,9? which included study of the S-A node in 
three hearts of patients aged 21 to 30 years and study of the 
A-V node, bundle and bundle branches in four hearts of pa- 
tients of similar age. 

Findings: 

S-A node: There were no changes. 

Approaches to the S-A node: Slight fibrosis was present. 

Approaches to the A- V node: There was moderate fibrosis 
with a slight infiltration of mononuclear cells. 

A- V node: Slight fibrosis was present. 
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FIGURE 5. Bundle of His sections. A, penetrating portion of bundle 
(B). Note that it is intact. C — central fibrous body. B, proximal part 
of branching portion of bundle. C = conal musculature; F = fi- 
broelastosis; P = pars membranacea; V = ventricular septum. 
Arrows point to the bundle and the beginning of the obliterated 
posterior fibers of the main left bundle branch. C, more distal portion 
of branching portion of the bundle (arrows). Only the rim of the 
bundle remains, the remainder being replaced by scar, and the fibers 
of the main left bundle branch are replaced by fibroelastosis (F). 
(Hematoxylin-eosin X35 [A] and Weigert-van Gieson X 17 [B and 
C], all reduced by 30 percent.) 


Pu Ww X. 1 * tit s 
, Y TA Cen e . LA 
ox ` | 6E ux d r 


. n 7 "mu Tw " vy 
Pt Bis 
^ ANI ee Mem TS 
A 


P 4 MZ X. Tu a ex 

OPTS desc. RE ETS a aprire. cr 

BLOCK—BHARATI ET AL. - 
e 


“a 










T 
| 
"J 
» 
, +5 
ac : b n ~ 
‘ 
1 2 a: D »} we V, 
£2 “x j y 
cS ` f F 
" sy , E s 
AA) 2 € 
E U mm č ] 
» - +) ow ^ » e b 
UA 5 : f EC rj 
a č ^g v4 
d * Ml - Y 2 Cvm "il 
` ^ 4 v infa 
z - cC 
& "^ } EH IRR Us 
e ` * 
^ s S Kl 
: SEPWC Vt od og eee A 
a TEES. CM 
s d» i & A 4 
wt * & 
" "M <a `‘ 
"d ef P. B a at 4 , 
Low ^ So 
P, é ^ 
P es 
zv ia 
à r > oe 
y $ >] A 
+ 
= É 
> 
` 
"^ 
+ 
E 





ee 


$e. 
^, pm 
Ae d 
T WI e rb 
^v zj J E 
. Ti 


we 


Z 
n 
ee 

2p s 
x 
wpa 


f LAC. £5 74 : , : 
FA LRL ARR TR At Pda. At A AFER AAY XLI. T  ^n4 


v 


yt 


EYE 
- a, / VA 


FE EL a 


`. 
DU Eum 
E "m 
` 
, 


ETE 


5 
A 


—-_ 


ETR, 
AEL? 
à 
Ge 


Wommmm: 


AE 








“+ 


itt ig = T 


Y 
A 


tag 


de 


V 


^ ? 
. 


a eae ae qt 





m s A" g 


our m i \ g MY AS 
= des aN ee p 


ESBS Bec. SS SN AY 
FIGURE 6. A, ventricular septal defect (D) p 


Gieson stain X 17, reduced by 30 percent.) 





FIGURE 7. Diagrammatic sketch of part of the conduction system 
showing the line of destruction produced by the knife. 1 — A-V node; 
. 2 = penetrating portion of A-V bundle; 3 = branching portion of A-V 
bundle; 4 — posterior fibers of left bundle branch; 5 — anterior fibers 
of left bundle branch; 6 — right bundle branch. Line passing through the 
structures indicates the line of cleavage produced by the knife. 
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roduced by knife. In this region the bifurcation has bee | 
_ Of ventricular septum with fibroelastosis. B, reappearance of right (RBB) and left (LBB) bundle branches. V = ventricular septum. (A and B, Weigert-van 
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A-V bundle, penetrating portion: In the beginning portion, 
there were no changes (Fig. 5A); in the distal portion, there 
was moderate fibrosis. 

A-V bundle, branching portion: In the beginning of its 
course, there was moderate fibrosis (Fib. 5B). Progressively 
the bundle became more fibrosed until only a small rim re- 
mained superiorly (Fig. 5C). The inferior portion was envel- 
oped in fibroelastosis. In the region of the ventricular septal 
defect, no bifurcation was evident (Fig. 6A). The severe fi- 
broelastosis lay proximal to and in the region of the defect. 

Right and left bundle branches: The most proximal por- 
tions of the right and the main left bundle branches were ab- 
sent being replaced by fibroelastosis. In the midst of fibrous 
tissue, fibers of the right and left bundle branch appeared 
showing some fibrosis, and then they were normal more dis- 
tally (Fig. 6B). 

Discussion 


This case is unique in that a stab wound had pro- 
duced a ventricular septal defect and severed the region 
of the bifurcation of the bundle of His and the beginning. 
of the main left bundle branch. Because the His bundle 
studies were performed 26 days after the event whereas 
the pathologic findings are related to progression of 
pathologic change up to 3 1/2 years, correlations be- 
tween the His bundle recordings and the pathologic 
findings must take into account this progression. 
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Electrophysiologic findings: The most reasonable 
explanation of the electrocardiographic findings based 
on the electrophysiologic data obtained 26 days after 
injury was that the His bundle had been severed, re- 
sulting in distal His bundle escape rhythm.? Longitu- 
dinal dissociation in the bifurcating portion of the 
bundle (distal His bundle) allowed preferential distri- 
bution of the cardiac impulse to one or the other ven- 
tricle. Both bundle branches appeared capable of con- 
duction. A pattern of right bundle branch block ap- 
peared to reflect preferential conduction to the left 
bundle branch, while a pattern of left bundle branch 
block reflected either a shift in pacemaker location in 
the distal His bundle or a distribution of impulses down 
the right bundle branch. Narrow QRS complexes re- 
flected simultaneous conduction in both bundle 
branches. 

The proximal H, potential certainly reflected the 
electrogram generated by the penetrating portion of the 
His bundle and perhaps proximal branching bundle. 
Block occurred in the branching portion of the His 
bundle that was partially destroyed. We cannot explain 
our electrophysiologic findings without postulating 
some continuity between the right and left bundle 
branches in or close to the bifurcation at the time of the 
His bundle studies. Without some continuity Hə could 
not have occurred with a normal constant H»-V interval 
before beats that had a pattern of both right and left 
bundle branch block. Even if one postulated that H5 was 
recorded from the proximal right bundle branch, this 
potential could not occur with beats conducted with a 
pattern of right bundle branch block unless there was 
some continuity between the proximal right and left 
bundles. 

Pathologic findings: To understand our pathologic 
findings the anatomy of the normal conduction system 
should be taken into account (Fig. 7).8 The penetrating 
bundle passes through the central fibrous body and 
sometimes through the atrioventricular part of the pars 
membranacea. As the bundle reaches the interventric- 
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ular part of the pars membranacea it begins to give off . 
fibers destined for the posterior radiation of the left — 


bundle branch, thus becoming the branching portion . 


> 


of the bundle. In most cases all of the fibers destined for _ 


the posterior radiation are given off before the bifur- 


cation into the right bundle branch and remaining fibers — 
of the left bundle branch. This point has not been suf- — 
ficiently stressed by others.’ The left bundle branch is . 


given off beneath the posterior aortic cusp and the bi- 


furcation occurs at a point proximal to or at the level of 


the commissure between the right and posterior aortic 
cusps. 


Thus, in our case the knife had passed through the - 


interventricular portion of the pars membranacea . 
producing a ventricular septal defect as well as inter- — 
rupting the branching portion of the bundle of His in . 
the region of the bifurcation. Since A-V block occurred, . 
an obliquity of severance ensued, resulting in the sev- 
erance of the entire beginning portion of the left bundle _ 


branch with the bifurcation (Fig. 4B and 7). Had only 


the bifurcation been interrupted, right bundle branch 


block with left axis deviation would have ensued. At the - 


time of autopsy, 3 1/2 years later, the bifurcation and 


the entire beginning portion of both bundle branches : 
were not present. However, marked fibroelastosis in this - 
region, adjacent to the ventricular septal defect and 


extending over the summit of the ventricular septum, 
was probably produced by hemodynamic changes about 


the septal defect and healing of the knife wound. Thus, |. 


it is likely that a portion of the bifurcation was still 
present at the time of the electrophysiologic studies but 
that it had become fibrosed in the course of time. 


We do not know the cause of sudden death in this © 


hg Aal- Wr 


patient. A contributing factor was the mitral insuffi- — 


ciency created by the stab wound. 
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Computer Analysis of the Electrocardiogram 


— CHARLES A. BERTRAND, MD, FACC 
. White Plains, New York 


'The comprehensive review by Caceres! in this issue of 


the Journal touches on all of the major contributions in 
- the relatively new field of computer electrocardiogra- 


phy. He writes of $220 million worth of computer sys- 
tems and $135 million of related terminals to be pur- 
chased by 1980 and of further annual expenditures in 


excess of $200 million. Thus, there is an obvious need 


not only to evaluate the current status of computer 


- electrocardiography but also to obtain some idea of its 
. future use. 


Several more or less independent procedures are 


needed to arrive at a computer-interpreted electrocar- 


diogram. Initially the data are acquired by a three 
channel electrocardiograph that records the 12 lead 


-electrocardiogram or three orthogonal (vector) leads, 


or both. Frequency modulation tape may be used for 
recording and storage. Since the computer deals with 
numbers only, an analog to digital converter is used to 


convert the electrocardiographic tracing or analog signal 


into a series of numbers or digits. Work in this area was 
originally done by Taback et al.,? and later extended by 


-— Stallman and Pipberger? and Caceres et al.* Samples 
— of the tracing are usually taken at intervals of 2 to 4 


msec. 'The digitized values are read into the computer 
and are compared with the criteria of the analysis pro- 
gram. One computer program is used for wave recog- 


nition. A second is used to determine wave amplitudes 
and durations as well as various time intervals. Still 
-. another is used for rhythm analysis, as first developed 
- by Bonner and Schwetman in 1968 but not available for 
routine use at that time. Actually, one structured 


multiphased program is used that identifies waves, 
performs the various measurements and analyzes 
rhythm and contour. Currently, most records are stored 
on tape or even disk, but improvements are needed, 
essentially for data compression or transformation into 


some yet to be perfected efficient storage medium. Al- 


though some comparison programs of serial tracings 
have been undertaken,® more evaluation of such pro- 
grams is needed and problems of storage and retrieval 
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must be solved. The results of the last 16 years suggest 
that computer analysis of electrocardiograms is good for 
normal tracings and less good for tracings the computer 
labels abnormal. Without discussing sensitivity and 
specificity it is reasonable to state that, in our experi- 
ence, when a computer interprets an electrocardiogram 
as normal it has a better than 95 percent probability of 
being correct, allowing for minor degrees of S- T segment 
deviation; this figure is in agreement with the data of 
Crevasse and Ariet.’ Since 1968, we have performed 
more than 100,000 multiphasic health testing exami- 
nations and in most subjects have recorded the elec- 
trocardiogram on tape for computer analysis. (Until 
July 1974 we used the Smith-Hyde vector-lead pro- 
gram? and since then have used the Bonner 12 lead 
program.?) In our experience, the computer tends to be 
accurate in interpreting normal tracings, but has at least 
a 1 in 3 chance of being partly or completely in error 
about tracings it labels abnormal. Yet its performance 
is better with some abnormal tracings. For example, 
when the computer interprets a left ventricular con- 
duction disturbance or left bundle branch block, it is 
virtually always correct; in contrast, there is greater 
variability with a right ventricular conduction distur- 
bance or right bundle branch block. 

Two major limitations to computer use are implied 
in these considerations: First, the computer's low level 
of reliability in interpreting abnormal tracings limits 
its clinical usefulness since, in most hospitals, the ma- 
jority of recorded electrocardiograms are abnormal. 
Second, the lack of a practical comparison program 
further limits routine clinical use. What then, is the 
present “place” of the computer in electrocardiographic 
interpretations? 

We may consider using computer analysis of the 
electrocardiogram in three areas: (1) screening pro- 
grams, (2) the doctor’s office, and (3) in hospitals. 

(1) In screening programs, the computer probably 
functions at its highest level. Simply expressed, the 
computer may be used to sort out the normal from the 
abnormal. We recommend that the screening be fol- 
lowed with a sampling review procedure (at IBM, 10 
percent of normal electrocardiograms and virtually all 
abnormal records are reviewed by cardiologists). We 
have found the computer to be very helpfyl and have 
arrived at a computer-assisted type of electrocardio- 
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graphic interpretation.!? Computer analysis is of value 
for sorting out normal tracings, giving precise time in- 
tervals and measurements and offering various diag- 
nostic possibilities for the cardiologist’s consideration. 
I think, therefore, that computer analysis leads to both 
increased speed and increased accuracy in interpreting 
the electrocardiogram. 

(2) In the doctor's office, there is a greater degree of 
variability. Ideally, a doctor who takes an electrocar- 
diogram should be qualified to interpret it; if not, some 
other doctor or facility should be available for inter- 
pretation. Probably computer interpretation of the 

electrocardiogram has little practical application for the 
qualified physician who has a low to moderate volume 
of electrocardiograms to interpret. It may be more 
useful to the unqualified doctor, or for the doctor in a 
remote area where facilities for interpretation are not 
available. For example, telephone transmission of the 
electrocardiogram to a computer center may be utilized, 
with the interpretation relayed back to the attending 
physician. 

(3) Among hospitals, paradoxically, both the smallest 
and the largest institutions appear to be best suited for 
computer interpretation of electrocardiograms. The 
smallest hospitals are suitable because they may have 
no cardiologist available to interpret the tracings; in 
such a case, the electrocardiogram may be transmitted 
to a center by telephone line. Larger hospitals may have 
so large a volume of electrocardiograms that computer 
use is cost-justified. Intermediate-sized hospitals 
probably represent the exception because, presumably, 
they have qualified physicians available to interpret the 
electrocardiograms and the volume of tracings in most 
of these hospitals is probably insufficient to justify the 
cost of computers. For hospitals of all sizes, lack of a 
comparison program presents problems since not only 
are many electrocardiograms abnormal, but also in 
many hospitalized patients serial electrocardiograms 
are taken, thus further limiting the usefulness of com- 
puter interpretation. Furthermore, patients may be 
nervous or seriously ill, have tremors or postoperative 
bandages, or have other factors that could cause the 
recording of any electrocardiogram (and therefore input 
to the computer) to be suboptimal. 

Prospects for the future: Within 5 years I believe 
there will be a major development—considerable use 
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of the “stand-alone” unit, that is, a simple box con- : 
taining a three channel electrocardiograph with an an- - 
alog to digital converter to digitize the electrocardio- _ 
graphic signal and a dedicated minicomputer whose sole — 
function will be to interpret the electrocardiogram. I can - 
envision a 12 lead or a 3 orthogonal lead electrocardi- | 
ogram with the interpretation printed on the tracing 
itself. This unit may be adequate for one tracing, but 
what about the complicated cases in which one tracing. 
is abnormal and serial tracings are required? And what 
about physician review? Herein lies the major problem! 

Unless, and until, a practical, reliable comparison . 
program is available and has been well tested and vali- | : 
dated, the potential of computer interpretation of the. i 
electrocardiogram will be sharply limited. Instead of - : 
using "stand-alone units," one may transmit the elec- 
trocardiographic signals directly to a computer center - 
for processing or use a stand-alone unit with provision | 
for transmitting to a computer center, thus allowing 
greater flexibility; but a comparison program will still 
be required. When the comparison and storage-retrieval | 
problems have been resolved, we may then anticipate | 
other problems, such as regionalization, possible use of — 
Social Security numbers for identification, use of data i 
banks and problems of program evaluation and selec- - 
tion (which program or programs to use and how to 
validate them). Other problems—those associated with 
use of the computer in exercise testing and rights of. 
privacy of the patient—loom just over the horizon. ~ 

Nonetheless, I believe that miniaturization will 
progress, a practical comparison program will be de- 
veloped, extensive data banks will be established, and - 
many other problems will be resolved, but the solutions 
will take years to accomplish. A competent cardiologist j 
will always be needed to interpret the abnormal elec- 
trocardiogram. I doubt that the accuracy of the com- 
puter will ever be sufficiently great to permit its unaided 
use in interpreting a difficult arrhythmia. I can also 
envision problems related to time in comparison of 
electrocardiograms, problems of correlation with clinical 
events in a satisfactory manner. Hence we may antici- - 
pate the continued coexistence of cardiologists and 
computers in, I hope, a constructive way leading to 
greater speed and procession of electrocardiograms but, - 
more importantly, ultimately to a higher quality of in- 
terpretation. 
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4 hours real-time 


It's about time. Half the time it takes other scanners to 
scan a 24-hour DCG. And the Avionics 660A Electrocardio- 
scanner” gives you more information. Automatically 

The 660A gives you the diagnostic advantages of analyzing 
2 DCG leads simultaneously while quantitating Ventricular 
Ectopic Beats, Supraventricular Ectopic Beats, Demand 
Pacemaker Beats, Total Heart Beats, and documenting them 
hourly on a trend of Heart Rate and ST-Segment Levels — all 
correlated with exact patient time. And when the 660A is 
interfaced with the new Avionics 680 DCG Data Terminal, 
each hour of selected DCG Data is further analyzed, computed 
and teleprinted automatically every 30 seconds On-Line 
during the trending. After the trend, the 660A rewinds itself, 
then proceeds through the tape automatically writing out 
operator-selected abnormalities in 2 channels of real-time ECG. 

» The ease of operation of these Avionics Scanning Systems 
is geared to your operation. And they not only scan and 
quantitate information from our “New Baby" the 445 Mini- 
Holter Recorder, but every recorder Avionics has produced all 
the way back to our first in 1963. 


in 12 minutes reel-time. 











So if you want to know more about the new Avionics 660A 


Electrocardioscanner, 680 DCG Data Terminal and 445 
Mini-Holter Recorder, and how they can turn your real-time 
into reel-time, give us a call at (714) 549-1500. Or clip and 
mail the coupon to: 

Avionics, 1601 Alton Avenue at Redhill, Irvine, Ca. 92714. 


A VIO N IC S- —— Auce | 
a division of Del Mar Engineering Laboratories 


(J Please send me more information on the Avionics 
660A Electrocardioscanner, 680 DCG Data Terminal, and 
445 Mini-Holter Recorder. 


C Send the literature, and schedule me for a visiting demonstration. 
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THE NEXT LOGICAL STEP 
IN PHYSIOLOGICAL PRESSURE MEASUREMENT 


Bell & Howells new disposable dome — DIS- 
POSADOME™ — incorporates a non-permeable 
silicon rubber membrane which fits flush with the 
sensing elements on all Bell & Howell Physio- 
logical Pressure Transducers. Neither saline solu- 
tion nor blood contact the sensing element. 
Available in both Linden and Luer Loc con- 
figurations, the presterilized disposable domes are 
individually packaged. After use, the disposable 
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St. Petersburg, Florida 
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(803) 794-5891 


G.M.S. MEDICAL 
Kansas City, Missouri 
(816) 363-4444 
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Buffalo, New York 
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Fort Worth, Texas 
(817) 338-0451 
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MALKIN INSTRUMENTS 
Louisville, Kentucky 
(502) 587-0776 


MICHIGAN MEDICAL 
INSTRUMENTS 
Flint, Michigan 
(313) 733-0860 


MORRISON ASSOCIATES 
Wilton, Connecticut 
(203) 762-0779 





dome is discarded. The transducer is ready im- 
mediately — saving time and sterilization costs. 
Reduced handling extends the life of the trans- 
ducer for even greater savings. 

DISPOSADOME™ — for new safety and con- 
venience in monitoring patient blood pressure. 


For additional information, please contact your 
nearest Bell & Howell Dealer. 


CEC DIVISION 
(A Bette Howe 


PUEBLO MEDICAL 
ELECTRONICS 
Phoenix, Arizona 
(602) 273-6135 


JACK SCHWARTZ CO. 
Minneapolis, Minnesota 
(612) 721-3374 


. 
FRANK YIP 
San Bruno, California 
(415) 589-9957 


NORTHEAST MEDICAL 
Milton, Massachusetts 
(617) 696-0900 


PACIFIC MEDICAL 
SYSTEMS, INC. 
Bellevue, Washington 
(206) 455-3006 


PARAMEDICAL 
EQUIPMENT CO. 
Glendale, California 
(213) 240-8250 
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improved Thermodilution 
Cardiac Outputs 


P4 , Repeatable: 
z OMP Curve 


Standardized Injection Rate 


The OMP Thermodilution In- 
jector is lightweight, portable 


and compatible with most Variable: 


Manual Curve 


cardiac output computers. A 
single disposable C02 car- 
tridge delivers over 20 injec- 
tions. The injector accepts a 
10cc disposable syringe. 


| po OMP 
| Price: $195.00 Laboratories, Inc. 


Killingworth, CT 06417 
203 - 663 2774 














N ew / Ambulatory £ : 


Blood Pressure Recorder. 


Smaller, lighter compact one-piece unit weighs 25 ounces. 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians and 
research institutions throughout the world. 

Now, by miniaturizing circuits and components, we have pro- 
duced a smaller and easier to wear single-unit version that weighs 
only 25 ounces. NONE RICE: 

This new Model M-2000 records blood pressures during the 
wearer's working or leisure day. Wearing this unobtrusive, light- 
weight device on a belt, any patient can easily record blood 
pressure data onto the micro-cassette as many as fifty times 
daily. This method eliminates the pressor effect of an observer's 
presence. 

The Remler system is especially useful in determining the effi- 
cacy of medication in the treatment of hypertension. 
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Since 1918 5 Precision in Electronics 
280 Visitacion Mal! « Brisbane, California 94005 USA œ (415) 468-3437 


Please send me complete details on the new | 
Remler M-2000 Ambulatory Blood Pressure Recorder. | 
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The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

Ihe Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 
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THE PRESENCE OF FLAMMABLE ANESTHETICS $ 


faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we vetaken it to the point where 
the nursing staff can handle it 
without any assistance. 


If you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
It s extremely light, and com- 
pact. It easily fits at bedside. 
And it's portable. You can 
move it where you need it, 





when you need it. 

50 you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 

580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONTTOR GROUP 


. Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 


Ner M WCIVS And supply the chloride 


most patients need with 
Ir mM K potassium supplementation. 
QO © © Potassium— rich” orange juice actually contains only about 


1 meq per ounce. To reach effective maintenance levels, 


a & 
your patients would have to drink 40 or more ounces of 
J i orange juice a day. | 


But now, new orange-flavored Kay Ciel Elixir and Kay Ciel 

Powder mix tastily with your patient's morning juice; one 
($10 tablespoon Kay Ciel Elixir or one Kay Ciel Powder packet 

supplying 20 meq of potassium and of chloride— about four 


times the K+ in a glass of orange juice alone. 


& 
Repeat in the evening for a full therapeutic regimen. Or, if 
effe tive you want your patient to avoid the extra calories, new 
orange-flavored Kay Ciel Elixir and Kay Ciel Powder taste 
great in 4 ounces of water. 


4. 
K erg DY Improve patient compliance by prescribing the 


KCI they need...in a way they'll like. 


New Orange- 
CONTRAINDICATIONS: Impaired renal function, B ® 
untreated Addison's Disease, dehydration, heat Flavored Kay Ciel 


WARNINGS: Do not use excessively. iwi 
PRECAUTIONS: Elixir 


PATIENTS SHOULD BE CAUTIONED TO ADHERE potassium chloride 10% 
TO DILUTION INSTRUCTIONS. 


ADVERSE REACTIONS: Potassium intoxication (20 meq/15 ml) 
indicated by listlessness, mental confusion, par- OO > ; 
esthesia of the extremities, weakness of the legs, Powder 


flaccid paralysis, fall in blood pressure, cardiac 


depression, arrhythmias, arrest and heartblock. Cooper Laboratories ‘potassium chloride 45g 


Vomiting, nausea, abdominal discomfort and di- 


arrhea may occur. Wayne, New Jersey 07470 (20 meq/packet) 





No complaints. 


Yet he was put 
on lipid-lowering 
therapy. 








| AN IMPORTANT NOTE: It has not been established whether the drug- | 


induced lowering of serum cholesterol or lipid levels has a detrimental, 


——————— — —— ——— ——— e 


beneficial, or no effect on the morbidity or mortality due.to.athereseterosis 
or coronary.hear.disease: Several years will be required before current 
investigations will yield an answer to this question. 











Early intervention — 
a rational approach to the 
management of hyperlipidemia 


Reducing elevated lipid levels is a rational therapeutic goal at any stage 
of the TUBSTNBIGOm process. Lipid lowering is perhaps most logical, 

xe however, early in the course of hyperlipid- 
= emia, when most patients are asymptomatic. 


Seemingly well, these patients are usually 
found to be hyperlipidemic when routine 
cholesterol and triglyceride determinations 
are performed as part of an overall clinical 
and laboratory workup. 


If persistent, clinically significant lipid eleva- 
tions are demonstrated — and underlying 
disease states are ruled out through history, 
physical examination, and appropriate labo- 
ratory tests — a diagnosis of primary hyper- 
lipidemia is confirmed. 





Dietary modification directed at correcting the specific lipid abnormality 
should be instituted as the first therapeutic step, but often fails to lower 
the lipids sufficiently. 


This is the best time to add ATROMID-S, an antilipidemic agent, to the 
regimen. Early, effective, and continuous lipid lowering is important in 
the Blocegen management of nypenipidenia, 





ee me i 
Routine t testing for both cholesterol 
and triglycerides recommended 


The concept of early intervention is gaining acceptance in dealing with 
the nationwide epidemic of hyperlipidemia. As a result, there is a trend 
toward increased screening of both asymptomatic patients and blood 
relatives of hyperlipidemic patients. "Because history and physical exam- 
ination are limited in their ability to detect these disorders [hypercholes- 
terolemia and hypertriglyceridemia], it now appears mandatory that each 
physician screen each patient routinely for lipid abnormalities just as one 
now routinely gets a hematocrit, a urinalysis or a fasting blood sugar in the 
course of an annual physical examination." 
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BB Hyperlipidemia 
= Atromid-S 


(clofibrate) Capsules 500 mg. 


See next page of advertisement for prescribing information. 
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" | SOBRURTEUMUTERR 
Hyperlipidemia — a factor you can do 
something about You cannot change your patient's heredity. 
Or sex. Or age. But you can help alter other factors in his profile: improper 
diet, excessive smoking, hypertension and hyperlipidemia. While diet is 
the starting point in the management of 
primary hyperlipidemia, it is not always suc- 
cessful. As Zelis? points out: “Dietary control 
requires strong motivation and self-discipline 
that not every patient is able to exercise." 

And even under carefully monitored dietary 
regimens, lipid lowering may be inadequate. 
For these reasons, it is often necessary to add 
an antilipidemic agent such as ATROMID-S to 
produce significant reductions in serum lipids. 


Atromid-S (clofibrate) — to help reduce 
elevated levels of cholesterol 

and/or triglycerides when diet alone 

Is not enough arromio-s as an adjunct to diet has a proved 


record of effectiveness in lowering elevations of both cholesterol and 
triglycerides. Lipid lowering is sustained as long as ATROMID-S treatment 
Is uninterrupted. The drug is effective in a simple, well-accepted regimen 
that patients can stay with. Initial and maintenance dosage is 2 Gm. daily, 
in divided doses. Some patients may respond to a lower dosage. The 
lipid-lowering effect of ATROMID-S is usually noted during the first month 
of therapy. The higher the initial level, the greater the lipid reduction likely 
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to occur. If response is inadequate after three months, the drug should be 


discontinued. However, if xanthoma tuberosum is present, treatment should 
be continued for longer periods (even up to one year), provided there is 
a reduction in the size and/or number of the xanthomas. 


Significantly lowers cholesterol and triglycerides in patients 
with elevated serum levels of both lipids? 











Mean values (mg.%) of Cholestero| NNN. «Triglycerides MEN BRE NNI 
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Years 1 2 3 4 5 6 7 8 
No. of patents 50 =z! 50 49 32 
42 Bee 42 42 29 


Significantly lowers elevated serum cholesterol levels in patients 
with normal triglyceride values (<150 mg./100 ml.)? 


Mean value (mg.%) of Cholesterol NENNNNENEN 





Years 1 2 3 4 5 6 7 8 
No.of patients 8 NENNEN 8 7 3 
Adapted from Berkowitz. D3 


IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 

WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 
CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT SHOULD BE 
REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 


THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICA- 
TIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 
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tromid-S (clofibrate) 
helps control the lipid factor 
in your patient's profile 





Initial and maintenance 
dosage: 2 Gm. daily (four 
capsules), in divided 
doses. Some patients may 
respond to a lower dosage. 





BRIEF SUMMARY 


(For tull prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy 
to diet and other measures for the reduction of elevated serum 
cholesterol (especially the beta lipoprotein fraction) and/or tri- 
glycerides. Clofibrate appears to have a greater depressant 
effect on the very low density lipoproteins (St 20-400) rich in 
triglycerides than the low density lipoproteins (S+ 0-20) rich in 
cholesterol. 


ATROMID-S is also indicated for treatment of patients with 
xanthoma tuberosum associated with hyperlipidemia. The skin 
lesions frequently regress with clofibrate 


it has not been established whether the drug-induced lowering 
of serum cholesterol or lípid levels has a detrimental, beneficial, 
or no effect on the morbidity or mortality due to atherosclerosis 
or coronary heart disease, Several years will be required before 
current investigations will yield an. answer to this question. 


CONTRAINDICATIONS: Clofibrate is contraindicated in preg- 
nant women. While teratogenic studies have not demonstrated 
any effect attributable to clofibrate, it is known that serum of 
the rabbit fetus accumulates a higher concentration of clo- 
fibrate than that found in maternal serum, and it is possible 
that the fetus may not have developed the enzyme system 
required for the excretion of clofibrate. 


It is contraindicated in lactating women since it is not known 
if clofibrate is secreted in the milk. 


It is contraindicated in patients with clinically significant 
hepatic or renal dysfunction. 


It is contraindicated in patients with primary biliary cirrhosis 
since it may raise the aiready elevated cholesterol in these 
cases 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTI- 
COAGULANTS ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPEND- 
ING ON THE INDIVIDUAL CASE) TO MAINTAIN THE PRO- 
THROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL 
HAS BEEN STABILIZED. 


Strict birth control procedures must be exercised by women 
of childbearing potential. In patients who plan to become 
pregnant, clofibrate should be withdrawn several months 
before conception, Because of the possibility of pregnancy 
occurring despite. birth control precautions in patients taking 
clofibrate, the possible benefits of the drug to the patient 
must be weighed against possible hazards to the fetus. 


PRECAUTIONS: Before instituting therapy with clofibrate, 
attempts should be made to control serum. lipids with appro- 
priate dietary regimens, weight loss in obese patients, control 
of diabetes mellitus, etc. 


Because of the long term administration of a drug of this nature, 
adequate base line studies should be performed to determine 
that the patient has significantly elevated serum lipid levels. 
Frequent determinations of serum lipids should be obtained dur- 
ing the first few months. of ATROMID-S administration, and 
periodic determinations thereafter. The drug should be with- 
drawn after three months if response is inadequate. However, in 
the case of xanthoma tuberosum, the drug should be employed 
for longer periods (even up to one year) provided that there is a 
reduction in the size and/or number of the xanthomata. 


Subsequent serum lipid determinations should be done to 
detect a paradoxical rise in serum cholesterol or triglyceride 
levels. Clofibrate will not alter the seasonal variations of serum 
cholestero! peak elevations in midwinter and late summer and 
decreases in fall and spring. If the drug is discontinued, the 
patient should be placed on an appropriate hypolipidemic diet, 
and his serum lipids should be monitored until stabilized, as a 
rise in these values to or above the original base line may occur. 
During clofibrate therapy, frequent serum transaminase determi- 
nations and other liver function tests should be performed since 
the drug may produce abnormalities in these parameters. These 


effects are usually reversible when the drug is discontinued. 
Hepatic biopsies are usually within normal limits. lf the hepatic 
function tests steadily rise or show excessive abnormalities, 
vn. Therefore use with caution in 
i 


those patients with a past history of jaundice or hepatic disease 


Clofibrate may produce “flu like” symptoms (muscular aching, 
sore s cramping). The physician should differentiate this 
from actual viral and/or bacterial disease 

Use with caution in patients with peptic ulcer since reactivation 
has been reported. Whether this is drug-related is unknown. 


Complete blood counts should be done periodically since ane- 
mia, and more frequently, leukopenia have been reported in 
patients who have been taking clofibrate. 

Various cardiac arrhythmias have been reported with the use oi 
clofibrate. 

Several investigators have observed in their studies that clofi- 
brate may produce a decrease in cholesterol linoleate but an 
increase in palmitoleate and oleate, the latter being considered 
atherogenic in experimental animals. The significance of this 
finding is unknown at this 
ADVERSE REACTIONS: Of the pertinent reactions, the most 
common is nausea. Less frequently encountered gastrointesti- 
nal reactions are vomiting, loose stools, dyspepsia, flatulence, 
and abdominal distress. Reactions reported less often than 
gastrointestinal ones are headache, dizziness, and fatigue; 
muscle cramping, aching, and weakness; skin rash, urticaria, 
and pruritus; dry brittle hair; and alopecia 


The following reported adverse reactions are listed alphabeti- 
cally by systems: 
Cardiovascular 

Increased or decreased angina 

Cardiac arrhythmias 

Both swelling and phlebitis at site of xanthomas 
Dermatologic 

Skin rash 

Alopecia 

Allergic reaction including urticaria 

Dry skin and dry brittle hair 

Pruritus 
Gastrointestinal 


time. 


Gastrointestinal upset (bloating, flatulence, abdominai dis- 


Hepatomegaly (not-associated with hepatotoxicity) 


Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by 
dysuria, hematuria, proteinuria, decreased urine output 
One patient's renal biopsy suggested “allergic reaction 
Hematologic 
eukopenia 
otentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
Fiu like” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by 
aminase (SGOT and SGPT), BSP retentior 
thymol turbidity 
Proteinuria 


increased creatine phosphokinase 


ncreased tirans- 


and increased 


Reported adverse reactions whose direct relationship with the 

drug has not been established: peptic ulcer, gastrointestina 
rheumatoid arthritis, tremors, Increased- perspira- 

jn, systemic lupus erythematosus, blurred vision, gynecomas- 


tr rr mpnmr AnG f re rA 
d, 1 DOCytopenic purpura 


SAGE AND ADMINISTRATION: /nitial; The recommended 

ac s 2 Gm. daily, in divided doses. Some 
nts may respond to a lower dosage 

Maintenance: Same as for initial dosage 

Note: In children, insufficient studies have been done to show 

safety and efficacy 


DRUG INTERACTIONS: Caution should be exercised when 
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anticoagulants are given in conjunction with ATROMID-S 
(clofibrate). The dosage of the anticoagulant should be 
reduced usually by one-half (depending on the individual case) 


to maintain the prothrombin time at the desired level to pre- 
Vt e mplications. Frequent prothrombin determina- 
tions are advisable until it has been definitely determined that 


the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no 
reported case of overdosage, should it occur, symptomatic sup 
portive measures should be taken 

HOW SUPPLIED: ATROMID-S—No. 243—Each 


tains 500 mg. clofibrate, in bottles of 100 


ant Dieegding ct 


i'M he 


capsule con- 


References: 1. Scheig, R.: Conn. Med. 39:71 
2. Zelis, R.: Clinical Focus on Hyperlipidemia 
b 4 
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It can start with a little high blood pressure 


Kidney of woman, 59, severely hypertensive 
Kidney grossly scarred and contracted. Numerous 


wy 


petechial hemorrhages and a cyst. Postmortem 


Photographed exclusively for Boehringer 
Ingelheim by Lennart Nilsson 
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Catapres 
(clonidine HCl) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more:' 


You can add Catapres to 
Catapres to get pressure down 


near normal. 


Wide therapeutic dosage range — 0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 
lot of problems. 


The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 





Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 
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Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series, 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 
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In mild to moderate hypertension 


The Catapres Potential: 
blood pressure not just down, 
but down near normal 
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Catapres.......... 


(clonidine HCl) 
Start with Catapres when a 


diuretic is wrong for your patient 


Add Catapres when a diuretic 
alone doesn't let you reach 
near-normal pressure 


Catapres® 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 

with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No clinical experience is available 
n E use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 


tion of blood glucose, or serum creatine phosphokinase: 


congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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LETTERS TO THE EDITOR 


NERVOUS SYSTEM AND INOTROPIC EFFECT OF 
DIGITALIS IN DOGS 


Kim et al.! raise some interesting questions regarding the role 
of the nervous system in the inotropic and cardiotoxic effects 
of acetylstrophanthidin in dogs. They conclude that “modi- 
fication of the direct inotropic effect of digitalis by the auto- 
nomic nervous system, if present, must be small." As they 
indicate, this observation is at variance with data from our 
studies? in which we found no significant positive inotropic 
effects in dogs with intact baroreceptor nerves but significant 
effects in dogs with denervated baroreceptors. 

There were several differences between the experimental 
protocol of the two studies. First, all of our animals were 
anesthetized with chloralose, an anesthetic agent known to 
preserve the integrity of the cardiovascular reflexes (see ref- 
erences cited in Reing et al.?), whereas Kim et al. used pen- 
tobarbital. They indicate that some animals were given 
chloralose but their data were not included because the results 
were not different from those obtained in the animals given 
barbiturates. The crucial question is whether Kim et al. 
compared the inotropic effect of acetylstrophanthidin in 
chloralose-anesthetized animals with and without intact 
baroreceptors. Second, we measured contractile force with a 
strain gauge arch, whereas Kim et al. used the first derivative 
of left ventricular pressure (dP/dt). We have previously 
commented? on the different results that can be obtained with 
these methods. Third, we administered acetylstrophanthidin 
as a single bolus injection of 12.5 or 25 ug/kg whereas Kim et 
al. administered it as a bolus injection of 5 ug/kg at 5 minute 


intervals. Fourth, we examined the role of the nervous system 


by surgically denervating the reflexogenic areas whereas Kim 
et al. examined it by pharmacologically blocking the efferent 
nerves. 

We also take issue with some statements made by Kim et 
al. First, they used our previous finding to hypothesize that 
“if the described reflex sympathetic withdrawal or stimulatory 
effect of digitalis on the sympathetic nerves were hemody- 
namically significant, one would expect directionally different 
inotropic responses depending upon the existing autonomic 
tone." In our dog study we did not observe directionally dif- 
ferent inotropic changes. The only significant change that 
occurred was in the debuffered animals; that is, these animals 
had a marked increase in contractile force whereas there was 
no significant change in contractile force in animals with intact 
cardiovascular reflexes. Second, it is difficult to understand 
why Kim et al. referenced our studies to register concern with 
the role of a stimulatory effect of digitalis on sympathetic 
nerves when studying the effect of subarrhythmic doses of this 
agent on cardiovascular hemodynamics. Our studies indicate 
that it is the toxic arrhythmogenic dose that increases sym- 
pathetic outflow. Hence, it would not be anticipated that a 
stimulatory effect on sympathetic nerves would be involved 
in the positive inotropic effect of subarrhythmic doses of the 
drug. Indeed, their results are consistent with ours in that their 
experiments in animals pretreated with propranolol suggest 
that larger doses of acetylstrophanthidin can be given before 
toxic arrhythmias develop. 

In addition, we are concerned about several aspects of the 
study by Kim et al. First, they do not seem to have used proper 
controls. That is, they appear to have compared animals 
anesthetized with 30 mg/kg of pentobarbital supplemented 
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by 1.5 to 2.0 mg/kg administered every 30 minutes (Groups : 


II and III) with animals receiving intramuscularly adminis- 


ERNE 


tered morphine, 2.5 mg/kg, followed in 30 minutes by intra- . 


venously administered pentobarbital, 15 mg/kg. Second, to — 


determine the influence of an intervention on the inotropic - 


response to digitalis, it would seem essential to compare the 
response obtained in different groups at the same dose of 


acetylstrophanthidin. Instead, they compared the inotropic . 


responses to acetylstrophanthidin using a percentage of the 


toxic dose; thus, the toxic dose differed considerably in intact - 


animals and in those with autonomic blockade. 
Finally, it seems to us that Kim et al. should compare their 
results with those of investigators who have used similar ex- 


3 


perimental techniques. One example is the study of Halloran i 


and Downing,’ who found, using the first derivative of the left — 


ventricular pressure, that in puppies anesthetized with pen- 
tobarbital administration of acetylstrophanthidin (20 ug/kg) 


produced a greater increase in contractile force in animals - 


pretreated with a beta adrenergic blocking drug than in con- 
trol animals. Similar findings were recently reported for adult 
dogs by the same group.* Examination of the results of these 
two studies indicates that modification of the direct inotropic 


effect of digitalis by the autonomic nervous system, rather — 


than being small, is significant. 
Richard A. Gillis, PhD 
John A. Quest, PhD 
Peter A. Kot, MD 
Georgetown University 
Schools of Medicine and Dentistry 
Washington, D.C. 
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. Reing CM, Thibodeaux H, Gillis RA, et al: Influence of baroreceptor reflexes on car- _ 


We agree that there are differences in the experimental design | 


of the study of Reing et al. and ours. In our study, the cumu- 


1 
, 


lative dose of acetylstrophanthidin at which the experiment — 


was terminated in each animal was not a subarrhythmic dose 


but a toxic arrhythmic dose. We also observed a linear dose- | 


inotropic response relation in our chloralose-anesthetized 
animals. However, we did not undertake a systematic com- 


parative study of the anesthesia in our pentobarbital- and — 


chloralose-anesthetized groups. Although in instrumented 
intact dogs chloralose appears to provide hemodynamically 
stable preparations,! this information should not be extrap- 
olated to open chest dogs as evidenced by marked differences 


in the heart rate and blood pressure when two studies are . 


compared.?? Chloralose has been reported to produce greatly 


exaggerated baroreceptor response?-? not only to neuroexci- . 
tatory drugs but also to pressure changes, thus suggesting that f 


this agent may not be an ideal anesthetic when evaluation of 
specific drug action indirectly involves baroreceptor ef- 
fects. 
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It is generally agreed that maximal dP/dt can reliably detect 
changes in contractile state if preload, afterload and heart rate 
are maintained constant. In our study heart rate was main- 
tained constant and left ventricular end-diastolic pressure 
either remained the same or decreased after administration 
of acetylstrophanthidin. Although arterial pressure increased 


during the drug infusion, this increase would not have directly 


affected our results since dP/dt at 40 mm Hg of developed 
pressure showed the same trend as maximal dP/dt. Thus, we 
believe that the changes in dP/dt in our study accurately re- 
flected changes in contractile state. 

It is also essential to consider such factors when one is as- 
sessing contractile state by means of strain gauge arches.® 
When the segment of muscle beneath the feet of the strain 
gauge arch is stretched to 50 percent or more of its initial 


. length, it may in fact be beyond the peak of its length-tension 


curve. Furthermore, at this length changes in arterial pressure 
and in the myocardium adjacent to the muscle segment may 
significantly affect the measurement of contractile force. 
Changes in heart rate have a variable effect, but increases 
in contractile force may also be seen with increasing rate. In 
the study of Reing et al. heart rate was not controlled and 
there were significant changes in systemic arterial pressure 


. in their debuffered animals not on bypass. In the bypassed 


animals, blood pressure in the debuffered group was strikingly 
and surprisingly much lower than in the control animals be- 
fore administration of acetylstrophanthidin. 

As Gillis et al. point out in their letter, they surgically 
denervated the reflexogenic areas, wheras we employed 
pharmacologic blockade. Obviously in their study the effect 
of circulating catecholamines on the myocardium was not 
blocked. This may have contributed in part to the differences 
in results. In our study a greater inotropic effect was observed 
in animals with autonomic blockade than in those without. 
Although this could be due in part to some sympathetic 
withdrawal in animals without blockade we believe that other 
factors are primarily responsible. First, more acetylstro- 
phanthidin was given before toxic arrhythmias appeared in 
the animals with blockade. However, 75 percent of the toxic 
dose in these animals corresponded to the 100 percent dose 
in Groups 1 and 3 and yet the percent increase in dP/dt at the 
75 percent dose was still greater in the animals with blockade 
than dP/dt at the 100 percent dose in Groups 1 and 3. 

The other factor that must then be considered is the lower 
level of myocardial contractile state before administration of 


. acetylstrophanthidin in the group with pharmacologic 


blockade. It has been well demonstrated that the magnitude 
of the inotropic response to digitalis is dependent upon the 
control level of the contractile state," that is, the lower the 
basal contractile state the greater the response to digitalis. 
Thus, in studies of the relation between the autonomic ner- 
vous system and the inotropic effect of digitalis using beta 
adrenergic blocking agents, which depress basal contractile 
state, a greater increase in digitalis-induced inotropic effect 
after beta blockade need not imply that the sympathetic 
nervous system modified the inotropic effect of the glycoside. 
In the study of Halloran and Downing (Ref. 5 of Gillis et al.) 
a 66 percent increase in dP/dt occurred during administration 
of digoxin in autonomically intáct animals, a finding that is 
not dissimilar from ours. 

We emphasize that in our study each animal served as its 
own control and that in each group in which the mode of an- 
esthesia was situationally appropriate to the designated au- 
tonómic status a linear inotropic response occurred during 
administration of acetylstrophanthidin in contrast to the ef- 
fect of the drug on atrioventricular (A-V) conduction. Al- 
though this inotropic response was greater in animals with 


pharmacologically induced autonomic blockade than in those 
without such blockade, we do not believe that the autonomic 
system was significantly involved in the response. In contrast 
to the effect of acetylstrophanthidin on A-V conduction, which 
was certainly mediated in large part by the autonomic nervous 
system, the effect of digitalis was not. We agree completely 
with the recent editorial comments of Gillis et al.’: “The latter 
(‘direct’ effects) are responsible for the positive inotropic effect 
of digitalis." 

Young |. Kim, MD 

Department of Medicine 

University of Texas Medical Branch 

Galveston, Texas 


R. Joe Noble, MD, FACC 

Department of Medicine 

Indiana University School of Medicine 
Indianapolis, Indiana 


Douglas P. Zipes, MD, FACC 
Department of Medicine 

Indiana University School of Medicine 
Indianapolis, Indiana 
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GLYCOLYSIS AND ELECTROGENESIS 


In his recent review Opie! has attempted to transfer some 
experimental results to medical practice. We think, however, 
that the review should have put major emphasis on the already 
proved role of anaerobic glycolysis in cardiac electrogenesis. 
Opie! mentions the problem only briefly when he describes 
the effect of free fatty acids on the action potential of ischemic 
myocardium. 

Prasad and MacLeod,? and McDonald and MacLeod? have 
shown the following in the guinea pig anoxic ventricular 
myocardium: (1) To keep cardiac action potential amplitude 
and duration equal to the control value, an increase of medium 
glucose concentration is sufficient; in contrast, glycolytic 
adenosine triphosphate (ATP) is unable to preserve the 
contractile activity; (2) cardiac action potential amplitude and 
duration depend on the slow inward current, and this current 
can be influenced by metabolism; (3) action potential ampli- 
tude is related to the metabolic state of the muscle, but not 
to the intracellular sodium ion; (4) the resting potential is 
influenced not only by Ex but also by an electrogenic sodium 
pump that is in turn dependent on glycolytic adenosine tri- 
phosphate. 

Similar results have been obtained using the isolated per- 
fused heart.4 On the basis of these experiments it has been 
pointed out that (1) total myocardial ATP content is not re- 
lated to electrographic changes of the initial phase of ischemia 
or anoxia; (2) insulin and glucose prevent electrographic 
changes and the onset of arrhythmias during anoxic perfusion; 
(3) inhibition of glycolysis by 2-deoxyglucose or iodoacetic acid 
provokes changes in the S-T segment and T wave'and initiates 
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arrhythmias and ventricular fibrillation even in the oxygen- 
ated perfused heart. 

We think it necessary to add the following to Opie's seven 
hypothetical mechanisms for the therapeutic effect of glu- 
cose-insulin-potassium solutions: infusion of glucose-insu- 
lin-potassium may normalize the electric activity of ischemic 
cells by activating glycolysis. 

At the periphery of the infarct are some damaged cells that 
survive. These cells may form an electrically unstable focus 
responsible for the onset of arrhythmias during the acute 
myocardial infarction.® If glucose-insulin-potassium solutions 
are really efficient during acute infarction, we think that the 
mechanism of action is probably related to normalization of 
the action potential of ischemic cells. It has not been clearly 
shown that glycolytic ATP is able to sustain the physiologic 
structure of a working heart,® but it is certainly a good fuel for 
the electric activity of the heart that has a very low energy 
requirement." After the first minute of ischemia a decrease 
in anaerobic energy production occurs owing to an increase 
in intracellular hydrogen ion and subsequent inhibition of 
glycolysis.® 

P.U. Carbonin, MD 

Gerontology Division 

Policlinico Gemelli 

Catholic University Schoo! of Medicine 
Rome, Italy 
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The hypothesis that glycolysis could be related to electroge- 
nesis merits careful consideration in explaining the effects of 
glucose and of fatty acids on the infarcting myocardium. More 
specifically, the adenosine triphosphate (ATP) concentration 
in or near the plasma membrane may play a role in the pro- 
motion of the slow inward calcium current associated with the 
plateau of the action potential! (Fig. 1). Such ATP is thought 
to exist in a compartment not exchanging readily with mito- 
chondrially produced ATP, but rather to be generated by 
glycolysis.? The rates of glycolytically generated ATP in the 
normally oxygenated heart are negligible from the point of 
view of the overall energy requirements of the heart, but this 
hypothesis would nevertheless accord a special role to such 
glycolytic ATP. The hypothesis was referred to in my review, 
but could not be discussed in depth because of limited 
space. 

In a truly anoxic cell, ATP can be made only by anaerobic 
production of lactate except for very exceptional circum- 
stances in which mitochondrial electron flow can be reversed.? 
In the experiments of Prasad and MacLeod,‘ anoxic papillary 
muscle was used and the rate of lactate production correlated 
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FIGURE 1. The hypothetical relation between cytoplasmic ATP and the inward calcium 
channel is shown schematically. Girardier and co-workers ':? postulate that submembrane 
Ca?*-ATP complexes may help remove Ca*?* that has entered through the slow inward 
Ca?* current to more distant intracellular sites. ATP available for "membrane" functions - 
such as the action potential is thought to be generated by glycolysis, but evidence suggests - 
that oxidative metabolism can equally well provide such ATP. 


with the duration of the action potential. But in the well ox- 
ygenated muscle by far the major part of ATP is made in the 
mitochondria and then transported to the cytoplasm (Fig. 1 
of my article). Some data of Prasad and MacLeod* suggest 
that, in the adult heart, mitochondrially produced ATP enters 
the same compartment as glycolytically produced ATP to 
maintain the action potential. To establish whether mito- 
chondrially produced ATP could maintain the action poten- 
tial, Girardier and I compared the action potential obtained 
by a floating microelectrode from the isolated perfused rat 
heart when it was perfused with pyruvate with values obtained 
during glucose perfusion (unpublished data); there were es- 
sentially no major differences except that the conduction 
velocity and heart rate were accelerated by pyruvate. No ar- 
rhythmias developed. In the presence of pyruvate, glycolytic 
flux from glycogen was totally inhibited and thus the pro- 
duction of glycolytic ATP was severely limited. Thus normal 
electrical activity of the oxygenated perfused heart could be 
maintained in the absence of glycolytic flux. However, in 
whole heart underperfusion causing ischemia, glucose inhib- 
ited and pyruvate promoted the incidence of reperfusion ar- 
rhythmias and enzyme release, and the difference could be 
related to the rate of anaerobic ATP production during the 
ischemic period.5 The earlier experiments of Cheneval et al.® 
used fetal cultured cells, which generally are more dependent 
on glycolytic metabolism than is the adult heart; thus the re- 
sults may not be directly extrapolated to the different meta- 
bolic pattern in the adult heart. . 7 

The perfused heart experiments described by Carbonin are 
of interest but his original data have not been passed on to me 
and a detailed commentary would be inappropriate. If the 
isolated hearts were perfused with glucose as the only sub- 
strate, then deoxyglucose could have deprived the heart of all 
exogenous substrate. Development of arrhythmias and ven- 
tricular fibrillation during substrate depletion was described 
in 19587 but does not necessarily prove a relation between 
glycolytic ATP and electrical events because pyruvate could 
also arrest fibrillation induced by lack of glucose. Potassium 
loss may be an important factor.? Experiments with omission 
of glucose as external substrate must distinguish between 
effects specific to the absence of glucose uptake, and non- 
specific effects of substrate deprivation, which can shorten 
the effective refractory period.? 
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Carbonin suggests that, at the edge of the infarct, there are 
cells that are deficient in ATP and that glucose-insulin-po- 
tassium (GIK) could act on such cells. In cells severely dam- 
aged by ischemia, inhibition of anaerobic energy production 
. by accumulation of protons and lactate suggests that not much 

. increase in anaerobic glycolysis is going to occur as a result of 


glucose-insulin-potassium therapy. Administration of glu- 
cose-insulin-potassium increases glycolytic flux in the peri- 
infarct border zone in the baboon!” and probably also in the 
peripheral infarct zone of developing dog infarcts;!! which 
allows for the possible existence of the mechanism suggested 


- by Carbonin. 


In the infarcting animal myocardium the collateral blood 
flow ensures that the predominant metabolism of the in- 


_ farcting zone (taken as a whole) is still oxidative, and this 


conclusion also applies to the periphery of the infarct.!? Aer- 


- obic glycolysis would be increased if glucose-insulin-potassium 
caused increased glucose uptake in the peripheral infarct zone 


as calculations suggest.!! 'T'hus it may be valid to distinguish 
between aerobic and anaerobic glycolysis in considering the 
effects of glucose-insulin-potassium. Whereas glucose-insu- 
lin-potassium may increase aerobic glycolysis (that is, glyco- 
lytic flux with oxidative metabolism of pyruvate as its end 
product), it probably does not greatly increase anaerobic 
glycolysis (with lactate as end product). Although the rates 
calculated for production of glycolytic ATP are not consis- 
tently lowered when infarction is developing,!? the methods 
used for calculation yield only approximate data. Increased 
aerobic glycolysis during glucose-insulin-potassium therapy 
would imply increased generation of glycolytic cytoplasmic 
A'TP. It is easier to quantify production of glycolytic ATP in 
the ischemia-reperfusion rat heart model in which there is 
increased glycolytic ATP production in ischemic hearts per- 
fused with glucose by comparison with pyruvate or acetate, 
but such underperfusion is a model of mild ischemia; whether 
it corresponds to any groups of cells in developing infarction 
remains to be established. 

The possible role of glucose-insulin-potassium and glyco- 


_lytic cytoplasmic ATP in the maintenance of action potential 
is an important subject that requires further work to clarify 


the relation. 
Lionel H. Opie, MD, FACC 
MRC Ischaemic Heart Disease Research Unit 
Department of Medicine 
Groote Schuur Hospital and 
University of Cape Town 
Cape Town, South Africa 
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EFFICACY OF LONG-ACTING NITRATES 
l. Sublingual Versus Oral Administration 


In their recent editorial, Krantz and Leake! took issue with 
our thesis that orally administered organic nitrates are rapidly 
and efficiently degraded by the liver and therefore cannot 
exert a clinically useful effect since essentially none of the 
parent compound is in the circulation. Because a large number 
of patients with angina pectoris still receive these agents for 
long-term prophylactic therapy, a review of some recent evi- 
dence is pertinent. 

The major premise of our investigations is that intact un- 
metabolized organic nitrate is the pharmacologically active 
form that accounts for the action of this class of agents.? Blood 
clearance data indicate that intravenous administration of the - 
parent nitrate ester (including the so-called long-acting ni- 
trates) to experimental animals has transient circulating 
lifetime (only 2 to 5 minutes) whereas the nitrate metabolites 
circulate for hours.?* However, the duration of the vasodilator 
effectiveness of organic nitrates in experimental animals is 
in direct temporal correlation with blood levels of the intact 
ester but is completely out of phase with circulating metabo- 
lite levels. The enzyme responsible for this efficient destruc- 
tion of organic nitrates occurs in man as well as in experi- 
mental animals.* 

Pentaerythritol tetranitrate and pentaerythritol trinitrate 
have been advocated for oral use and are suggested to produce 
a prolonged effect in man and experimental animals.56 
Analysis of the blood of 15 human volunteers treated (orally) 
with radioactive pentaerythritol tetranitrate indicated that 
no intact pentaerythritol tetranitrate or pentaerythritol tri- 
nitrate could be detected in the plasma at any time after drug 
administration. The major circulating form of the drug was 
pentaerythritol with lower levels of pentaerythritol mononi- 
trate and trace amounts of pentaerythritol dinitrate.7-? The 
prolonged hypotension produced by pentaerythritol trinitrate 
in man was explained by the persisting levels of pentaeryth- 
ritol di- and mononitrate metabolites in plasma.!? In a recent 
investigation (including the manufacturers' scientists) several 
important observations were demonstrated!!: (1) The dura- 
tion of the coronary vasodilation and peripheral hypotension 
in dogs after intravenous injection of pentaerythritol trinitrate 
was the same (about 2 minutes) as after administration of the 
short-acting nitroglycerin even though pentaerythritol tri- 
nitrate is advocated as a “long acting" nitrate. (2) Penta- 
erythritol trinitrate was only 20 percent as potent as nitro- 
glycerin in dogs as a coronary vasodilator and as a systemic 
vasodepressor. Pentaerythritol dinitrate had 1 percent of the 
potency, and the major circulating form of the drug, penta- 
erythritol, was completely inactive. (3) There was cross tol- 
erance between nitroglycerin and pentaerythritol trinitrate 
and also between pentaerythritol trinitrate and its much less 
active metabolites. The authors concluded that “these me- 
tabolites are without significant vasodilator activity in com- 
parison to the parent compound; therefore their persistent 
plasma level cannot be responsible for the sustained action 
of pentaerythritol trinitrate in man."!! 
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The other clinically employed organic nitrate that has been 
extensively studied is isosorbide dinitrate. After intravenous 
administration to dogs, isosorbide dinitrate was also rapidly 
cleared from the blood (half-time 5 minutes).?:12.13 The major 
plasma metabolite was 5-isosorbide-mononitrate (65 percent 
of the administered dose).!2 Comparable data were obtained 
after oral administration of radioactive isosorbide dinitrate 
to human volunteers.!^ The radioactivity in blood was pri- 
marily 5-isosorbide mononitrate with little unchanged iso- 

-sorbide-dinitrate present; thus the authors suggest that the 
metabolites account for the pharmacologic action. This con- 
clusion is not supported by the biologic activity of the me- 
tabolites. Whereas intact isosorbide dinitrate has only 3.5 
percent the potency of nitroglycerin as a coronary vasodilator 
and a vasodepressor, the major circulating metabolite, 5-iso- 
sorbide mononitrate, had only 1 to 3 percent of the potency 

-of isosorbide dinitrate.!5.16 

The foregoing evidence does not suggest the existence of an 
active intact parent nitrate in the circulation after oral ad- 
ministration. Why, then, do some clinicians and experimental 
workers advocate the oral use of organic nitrates as long-acting 
prophylactic antianginal medication? It is difficult to perform 
an adequate clinical trial for an antianginal agent. The design 
of many previously performed clinical studies prejudiced the 
results. Stipe and Fink!" extensively reviewed the literature 
from 1952 to 1972 on the efficacy of organic nitrates as pro- 
phylactic therapy for angina pectoris. They found 36 clinical 
studies on long-term prophylaxis with organic nitrates. When 
no precautions about experimental design were taken, 50 
percent of the patients reported the nitrates to be effective. 
However, in clinical studies that included controls, double- 
blinding, randomization, placebo, crossover and statistical 
analysis, fewer than 10 percent of patients with angina con- 
cluded that organic nitrates were efficacious. According to 
Modell,'® “The history of failure with so-called long-acting 
nitrates is an unbroken one.” 

It should be recalled that the Food and Drug Administra- 
tion classified organic nitrates in the “possibly” effective 
category, which by their definition means no proof of efficacy. 
Indeed, it seems strange that patients taking “long-acting” 
nitrates still use nitroglycerin for acute attacks when in fact 
these agents appear to have the same mechanism of action.!! 
One temptation that could arise is that clinicians would 
administer much larger doses of organic nitrate in the hope 
of exceeding the hepatic degradation capacity. Such an ap- 
proach would be expected, unfortunately, to exaggerate side 
effects of and to induce tolerance to the administered agent 
and cross tolerance to nitroglycerin.!1.19 

Finally, it should be emphasized that sublingual adminis- 
tration, which initially avoids hepatic destruction of organic 
nitrates, still represents a rational approach to the acute relief 
of an attack of angina pectoris. 

Philip Needleman, PhD 
Washington University Medical School 
St. Louis, Missouri 
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We agree with Needleman that “the intact, unmetabolized 
organic nitrate is the pharmacologically active form that ac- 
counts for the major action of this class of drugs." Indeed, one 
of us! established this a third of a century ago. What we cannot 
understand is his suggestion that these agents lack activity 
upon oral administration. 

We do not agree that *the duration of the vasodilator ef- 
fectiveness of organic nitrates in experimental animals is in 
direct temporal correlation with blood levels of the intact 
ester." We contend that the portion of the dose of the intact 
molecule that escapes degradation in the liver elicits its effect 
in the receptor sites of the organs involved with the response 
to the drug. To repeat what we previously demonstrated 
several years ago, using the perfused rabbit's heart and ni- 
troglycerin: The coronary vessels were dilated to produce a 
50 percent increased flow, but only 14 percent of the drug was 
fixed in the receptor sites?; as a first approximation on a mo- 
lecular basis the heart retained 2 X 10!? molecules of nitro- 
glycerin. When one thinks in these terms it is not difficult to 
perceive how so little can do so much. Our concept is in accord 
with that of Goldstein? of the National Heart and Lung In- 
stitute, who has stated, “Vasodilator activity might not de- 
pend on the drugs' prolonged presence in the bloodstream, but 
on their rapid iacorporation into the cells lining the blood 
vessels." We believe that this concept has been overlooked by 
Dr. Needleman and acceptance of it would clarify the dis- 
agreement between his experiments, the current work of 
others and the century of work before his advent in the field. 
This concept would also explain the therapeutic value of de- 
layed release nitroglycerin tablets. 

Needleman states that isosorbide dinitrate is only 3.5 per- 
cent as potent as nitroglycerin. We disagree. The effective dose 
of nitroglycerin is 0.65 mg and that of isosorbide dinitrate is 
5 mg; thus the correct ratio is 0.65/5 X 100 = 13 percent. In 
contrast with the findings of Needleman, Franciosa et al.* 
found that isosorbide dinitrate given orally was “an effective 
vasodilator in patients with heart failure" and Wendt? noted 
that “both the 2- and 5- mononitrate esters of isosorbide 
produce hemodynamic effects qualitatively similar to those 
observed after isosorbide dinitrate.” 
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E With regard to pentaerythritol tetranitrate, Needleman 
— fails to achieve his stated objective of reviewing recent evi- 
dence. He neglects the report that pentaerythritol tetranitrate 
has a half-life of 2 hours in the rat. Further, he has ignored 
the fact that pentaerythritol is a prodrug and that its metab- 
. Olite pentaerythritol trinitrate is an active molecular species 
_ although he cites studies that demonstrated the activity of this 
.. metabolite in animals (his reference 11), and one study men- 
.. tions activity in man.’ 
.. .. We strongly urge Needleman to ingest 5 to 10 mg of iso- 
E sorbide dinitrate to see what effect it has upon his blood 
_ pressure. After this we suggest he follow the same procedure 
_ with 20 mg of Peritrate. 
-— .. We agree with Needleman that it is difficult to evaluate 
d drug efficacy in coronary insufficiency. However, in a carefully 
_ controlled (three phase experimental design) study of 53 pa- 
— tients Winsor and Berger? used orally administered sustained 
.. release nitroglycerin tablets (Nitrong®) and found that 47.2 
| percent of the patients had fewer and less severe anginal at- 
tacks. 
s We also agree that sublingual administration is the most 
— satisfactory method of giving the long- and short-acting or- 
.. ganic nitrates. However, we cannot agree that they are without 
- effect when given orally. This statement is a contradiction to 
— an avalanche of data from current clinical studies and those 
-. of the past 100 years. 
| John J. Krantz, Jr., PhD, FACC 
i Chauncey D. Leake, PhD, ScD 
Gibson Island, Maryland 
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EFFICACY OF LONG-ACTING NITRATES 
ll. Peroral Isosorbide Dinitrate 


With reference to the recent editorial of Krantz and Leake, 
Shane! recently studied plasma concentrations of isosorbide 
dinitrate by the gas/liquid chromatography-method of Rosseel 
and Bogaert? and found that isosorbide dinitrate is “more 
effective when administered orally and in larger doses than 
— are conventional." Stauch et al.? recently demonstrated with 
. . effort tests the activity of 2- and 5-isosorbide mononitrates 
~ in patients with proved coronary heart disease and confirmed 
— . the previous experimental findings of Bogaert and Rosseel.* 
-Needleman himself? did not exclude the possibility that these 
. metabolites were the basis for the sustained action of long- 
^. acting nitrates. The problem of quantity (plasma concentra- 
- tions) should not be overestimated: Even the earlier studies? 
. do not suggest a relation between plasma levels and effects of 

j the drug. 
j Animal experimental results should be reevaluated from 
this new point of view, especially since many experimental and 
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clinical studies in man demonstrate with objective measures 
the efficacy of long-acting nitrates. Franciosa et al.” compared, 
in a double-blind study, orally administered isosorbide dini- 
trate with placebo and found a significant reduction of left 
ventricular filling pressure persisting for 4 to 5 hours. Wolf et 
al. administered the same dose (20 mg) of isosorbide dinitrate 
and demonstrated a significant reduction in mean arterial, 
pulmonary arterial and pulmonary capillary pressure during 
the first hour after ingestion. Cardiac output and left ven- 
tricular work decreased correspondingly for up to 4 hours. The 
same results were obtained by Bussmann et al.’ in patients 
with acute myocardial infarction. Similar results were ob- 
tained after oral administration of 5 mg, in patients with cor 
pulmonale! and coronary heart disease!! and, after oral ad- 
ministration of 10 mg, in a double-blind comparison with 
placebo.!? These data were reported in 1975. Probably the first 
double-blind clinical trial in man (comparative study) showing 
the peroral activity of sorbide dinitrate was performed in 1947 
by Goldberg!* in hypertensive patients: The average duration 
of the significant antihypertensive effect was 4.2 hours (range 
1 to 24 hours). Additional proof of the therapeutic value of 
isosorbide dinitrate is found in comparative component 
studies,!4^-16 in which isosorbide dinitrate is combined with 
beta blocking agents.!* These studies use measurable variables 
and demonstrate not only the superiority of the combination 
of agents but also the efficacy of isosorbide dinitrate. 

These studies show that the belief of clinicians in the ac- 
tivity of isosorbide dinitrate (and other long-acting nitrates) 
has a scientific foundation. We should not overestimate the 
value of pharmacologic experiments in animals and should 
correct some ideas of the last 3 to 4 years because we believe 
with Needleman!’ that “science and medicine should be 
self-correcting institutions." 

Paul Jerie, Dr Med 

Cardiology Service 

Rheumat. Clin. and Rehabilitation Center 
Rheinfelden, Switzerland 
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LATE SUPERNORMAL EXCITATION 


Igarashi and Ayabe discuss a “late” supernormal phase of 
ventricular excitability, attributing it to summation, in some 
cases because of “... electrotonic spread of atrial depolar- 
ization potentials." I would like to make two comments. 

Beat to beat threshold variation is very common when using 
transvenous temporary pacing leads, as in their study. Res- 
piratory variation alone frequently can cause threshold 
changes of the magnitude reported in the “supernormal 
phase." Without a demonstrably fixed stable electrode system, 
small beat to beat changes in catheter electrode position can 
account for threshold changes. 

Atrial depolarization has previously been noted to alter 
threshold,? with intervals of elevation and reduction of 
threshold following the P wave. As correctly pointed out to me 
in review of an unpublished paper, atrial mechanical con- 
traction may have an effect on electrode position, and one 
need not invoke the more abstruse concepts, such as Weden- 
sky facilitation, to explain the phenomenon. Following that 
lead, I then made cine films of eight implanted (long-term) 
pacing catheters, showing distinct movement of the tip of the 
catheter after atrial contraction. In some instances atrial 
contraction moved the catheter tip farther into the right 
ventricular apex (presumably making better contact and 
lowering threshold), and in other cases atrial contraction 
caused buckling of the catheter and some retraction of the 
catheter tip (opposite effect). Movement of temporary pacing 
catheters is frequently more marked. 


Fee Change: Sub-Board of Pediatric Cardiology 
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Although one cannot disprove summation of subthreshold _ 
stimuli, the mechanical factors would have to be controlled — i 
to support such a hypothesis. 

Thomas A. Preston, MD, FACC 
U. S. Public Health Service Hospital 
Seattle, Washington 
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REPLY E 
Mechanical influence of atrial contraction on ventricular wall 3 
motion is documented and can be observed in an echocardi- _ 
ogram. Unless epicardial electrodes are used, such influences _ 
of ventricular wall motion on endocardial electrode position | E 
can hardly be denied. 
We have not had a chance to use epicardial electrodes for . 
the study of “late supernormal excitation" in man. However a 
in a study from our laboratory (our original Ref. 14), Arbel and | 
others pertinently showed the presence of “late surera ai 
excitation” in dogs using epicardial stimulation. In their study 
they found hardly any mechanical influence on the electrode 
position as a result of atrial contraction. Thus, our conclusion 
with regard to the (electrical) contribution of atrial depolar- 
ization on ventricular excitability in late diastole can be ver- - 
ified. | 
Masao Igarashi, MD 
Takao Ayabe, MD | 
St. Luke's International Hospital . 
Tokyo, Japan 





Due to the rising costs in the administration of the written and oral examinations 
of the Sub-Board of Pediatric Cardiology, the fee for examination has been increased 
to $450.00 ($150.00 registration and $300.00 examination fees). This is effective 
immediately; therefore, candidates who wish to apply for the July 22, 1977 written 
and November 3-4, 1977 oral examinations of the Sub-Board must submit the 
$450.00 fee with their application. Registration extends from August 1, 1976 to 
November 30, 1976. Application materials are available from the American Board 
of Pediatrics, Children's Hospital, 34th St. & Civic Center Blvd., Philadelphia, PA 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 





Calendar of Continuing Medical Education Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 
grams are pertinent to direct care of pa- 
tients with heart disease. The need for such 
programs increases with the ever increasing 
amount of scientific and clinical data, the 
constant changes in technology and meth- 
odology, and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
ternists and family practitioners feel the 
need of supplementing their professional 
reading by direct contact with the authors, 
research workers and leaders in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


and attitudes of the participants. 

These programs should help each physi- 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- 
less practices. An effective practitioner 
must learn and relearn, listen to new ideas, 
share past experiences and observe the 
work of his peers. The National Program 
Committee for Continuing Medical Education 
of the American College of Cardiology be- 
lieves that these goals can be accomplished 
by all members and nonmember profession- 
als participating in our continuing education 
programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


To be Preceptorships in Cardiology. 
arranged Arthur Selzer, FACC, director. 
individ- Pacific Medical Center, San 
ually Francisco, Calif. 


SEPT. 
8-10 


Venous Thrombosis Pulmonary 
Embolus Complex. Orville Hor- 
witz, FACC and Frank D. Gray, di- 
rectors and Henry Berkowitz, H. 
James Day and L. Henry Ed- 
munds, FACC, co-directors. The 
Hilton Hotel of Philadelphia, Phila- 
delphia, Pa. 


SEPT. 
13-14 


Exercise Testing in Children and 
Young Adults. Frederick W. 
James and Samuel Kaplan, 
FACC, directors. Children’s Hos- 
pital Medical Center, Cincinnati, 
Ohio 


SEPT. 
13-17 


Cardiology for the Consultant. E. 
Grey Dimond, FACC, James E. 
Crockett, FACC and Don R. Sants- 
chi, FACC, directors. University of 
Missouri-Kansas City School of 
Medicine, Kansas City, Mo. 


NEW MEMBERS 


The following individuals were elected to 

. membership in the American College of 

.. Cardiology on July 8, 1976, in the cate- 
‘gory indicated. 


7 
` FELLOWSHIP 


ALAN, Richard J., MD, California 
» ALEXANDRIDES, Kosmas, MD, Greece - 
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SEPT. 
23-25 


The Clinical Spectrum of Adult 
Heart Disease. Jonathan Abrams, 
FACC, director and Paul T. Coch- 
ran, FACC, co-director. Basic 
Medical Sciences Building of Uni- 
versity of New Mexico Health Sci- 
ences Center, Albuquerque, N. 
Mex. 


SEPT. 
28-30 


Advanced Echocardiography. 
Harvey Feigenbaum, FACC, direc- 
tor and Betty C. Corya, James C. 
Dillon, FACC and Arthur E. Wey- 
man, co-directors. 


Electrocardiography: Core Cur- 
riculum and Self-Assessment. 
Leonard S. Dreifus, FACC, director. 
University City Holiday Inn, Phila- 
delphia, Pa. 


11-13 


Electrocardiography: Core Cur- 
riculum and Self-Assessment. Paul 
L. McHenry, FACC and Borys Su- 
rawicz, FACC, directors. Indiana 
University Medical Center, India- 
napolis, Ind. 


11-13 


ALFARO A., Federico G., MD, Guatema- 
la 

ALLEN, Hugh D., MD, Arizona 

AMAT-Y-LEON, Fernando, MD, Illinois 

ATKINS, James M., MD, Texas 

AUSTIN, Stephen M., MD, Maryland 

BATCHELDER, John E., MD, Indiana 

BEDARD, J. Pierre, MD, Canada 
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OCT. 
11-13 


Electrocardiography: Core Cur- 
riculum and Self-Assessment. Al- 
berto Benchimol, FACC, director. 
Safari Resort Hotel, Scottsdale, 
Ariz. 


Electrocardiography: Core Cur- 
riculum and Self-Assessment. Ar- 
thur Selzer, FACC, director. Golden 
Gateway Holiday Inn, San Francis- 
co, Calif. 


12-14 


Ischemic Heart Disease: Current 
Concepts. William J. Grace, FACC, 
James T. Mazzara, FACC and 
Richard J. Kennedy, FACC, direc- 
tors. St. Vincent's Hospital and 
Medical Center of New York, New 
York, N.Y. 


19-21 


New Techniques and Concepts in 
Cardiology: Exercise Stress, Ex- 
ercise Testing and Cardiac Reha- 
bilitation. Stephen E. Epstein, 
FACC, director. The Washington 
Hilton Hotel, Washington, D.C. 


21-23 


BEMIS, Charles E., MD, Pennsylvania 
BERKE, David K., MD, California 
BERNDT, Theodore R., MD, Louisiana 
BESCH, Henry R., Jr., PhD, Indiana 
BRADY, Alfred B., MD, Texas 

BURG, John R., MD, Montana 
CHAITMAN, Bernard R., MD, Canada 
CHAVEZ-RIVERA, Ignacio, MD, Mexico 
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CO, Eddy D., MD, Wisconsin 

COHN, Herbert E., MD, Massachusetts 

COOK, Robinson, MD, Idaho 

COOPER, Gary R., MD, Florida 

COPEN, David L., MD, Connecticut 

CRAWFORD, Michael H., MD, California 

DEGNAN, Walter C., MD, Montana 

DePASQUALE, Nicholas P., MD, New 
York 

DEUTSCH Paul G., MD, New York 

DOWNING, S. Evans, MD, Connecticut 

DUNKMAN, W. Bruce, MD, Pennsylva- 
nia 

FAHMY, Abdel-Rahman, MD, Saudi Ara- 
bia 

FARAH, Michel G., MD, Ohio 

FERGUSON, Earl W., MD, Texas 

FERLINZ, Jack, MD, California 

FISHER, Michael L., MD, Maryland 

FRANK, Stuart, MD, California 

FREDERIKSEN, Rand T., MD, Tennes- 
see 

GALST, Gerald, MD, New York 

GENTZLER, Richard D., Il, MD, Texas 

GEORGIEV, Maria T., MD, West Virginia 

GIMBEL, Kenneth S., MD, Maryland 

GOTTLIEB, Ronald S., MD, Pennsylva- 
nia 

GUPTA, Parkash D., MD, Illinois 

HAMID, Imtiaz, MD, Illinois 

HAYES, Arthur H., Jr., MD, Pennsylva- 
nia 

HERMANN, Heinz J., MD, Texas 

HIGASHINO, Stanley M., MD, California 

JOSEPHSON, Mark =., MD, Pennsylva- 
nia 

KAJIWARA, Nagao, MD, Japan 

KATTUS, Albert A., MD, California 

KELLY, David T., MD, Maryland 


Philadelphia, Pennsylvania 


e Abstracts 


Entries must be postmarked no later than September 20, 1976 


KENDALL, Malcolm E., MD, Illinois 
KEON, Wilbert J., MD, Canada 
KHAN, Abdul H., MD, Pakistan 
KINCAID, Daniel T., MD, Wisconsin 
KIRKPATRICK, Stanley E., MD, Califor- 
nia 
KLIE, Jack H., MD, Rhode Island 
KRAMER, John D., MD, Ohio 
LAZIK, Arthur J., MD, California 
LEFER, Allan M., PhD, Pennsylvania 
LEVIN, Daniel L., MD, Texas 
LEVITAN, Benjamin, MD, Canada 
McGAFF, Charles J., MD, Ohio 
MARCUS, Gary B., MD, California 
MARIN-GARCIA, Jose, MD, Pennsylva- 
nia 
MARTIN, Richard H., MD, Missouri 
MELENDEZ, Libardo J., MD, Canada 
MORARAS, Theeragul, MD, Illinois 
MUHAMMAD, Ali, MB, Pakistan 
NABI, Nasser, MD, Massachusetts 
NATHAN, David, MB, Canada 
PEARLE, David L., MD, District of Co- 
lumbia 
PERLROTH, Mark G., MD, California 
POSNER, Christian J., MD, California 
PROPERT, David B., MD, Virginia 
RAPAPORT, Elliot, MD, California 
RASKOFF, William J., MD, California 
RAY, C. Thorpe, MD, Louisiana 
RECHNITZER, Peter A., MD, Canada 
REID, Philip R., MD, Maryland 
ROGERS, William J., MD, Alabama 
ROSIN, Elaine Y., MD, Ohio 
ROSSEN, Ronald M., MD, California 
RUSSELL, Thomas, II, MD, Minnesota 
SAHN, David J., MD, Arizona 
SALEM, Deeb N., MD, Massachusetts 
SALTUPS, Andris, MD, Australia 


26th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Technical Exhibits 
Deadline for requests for space: October 15, 1976 


Scientific Exhibits 
Deadline for requests for space: October 15, 1976 


Young Investigators’ Awards Competition 


Entries must be postmarked no later than November 1, 1976 
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SAYEED, Majeed A., MD, New York 

SCHWARTZ, Kenneth V., MD, Connecti- 
cut 

SHETTIGAR, Udipi R., MD, California 

SHORT, Floyd A., MD, Washington 

SIEGEL, Fredric A., MD, District of Co- 
lumbia 

SILVERMAN, Norman H., MD, California 

SORENSEN, Herman D., MD, Montana 

STONE, John M., MD, Michigan 

SULLIVAN, Thomas E., MD, Massachu- 
setts 

TERRY, Richard W., MD, California 

THOMAS, J. R., MD, Tennessee 

TUCKER, Herbert D., MD, Louisiana 

VARGHESE, P. Jacob, MD, Maryland 

WALTER, Paul F., MD, Georgia 

WARREN, Stafford G., MD, West Virgin- 
ia 

WEISS, Edward S., MD, Missouri 

WELD, Francis M., MD, New York 

WILSON, Charles L., MD, Texas 

WRAY, Taylor M., MD, Tennessee 

WU, Delon, MB, Illinois 

ZWERLING, Leonard J., MD, Massachu- 
setts 


The following individuals were elected to 
membership in the American College of 
Cardiology on February 22, 1976, in the 
category indicated. 


FELLOWSHIP 


GOLDBERG, Leonard M., MD, Oregon 
KAZI, Majid-Uddin, MD, Saudi-Arabia 
LUIKART, William M., MD, Louisiana 

ZALIS, Edwin G., MD, California 


February 28-March 3, 1977 


3 For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, 
American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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AMERICAN COLLEGE OF CARDIOLOGY 


Young Investigators’ Awards for 1977 


First Award: $1000 
Honorable Mention: $250 
Three Additional Awards: $100 each 


n Conditions for participation in the competition: 


E 


DEADLINE 
E. 
OPTION 


“PLEASE 
i} NOTE 






; 


Any physician/scientist who is bresadilvi in a residency or fellowship training program 
or who has been in such a program within the past three years is eligible to submit a 
paper in the competition. À senior medical student who will have received his M.D. 
degree by the time of the competition is eligible. A student in one of the basic sciences 
working in a problem intimately connected with cardiology who will have received 
a Ph.D. degree by the time of the competition is also eligible. 


Competitive presentations of papers will be given at the 26th Annual Scientific Session 
of the American College of Cardiology, February 28-March 3, 1977 in Philadelphia, 
Pennsylvania. A formal presentation, 12 minutes in length, describing original in- 
vestigation in which the entrant either did the work or was a significant member of 
the investigating team, is required of each entrant. 


1. An original and three (3) copies of an abstract of the paper are required. The ab- 
stract must be submitted typed single-spaced on special YIA Abstract Repro- 
duction Forms. If it is selected for presentation, the form will then be used as the 
master copy for printing by photo-offset in the Abstracts Publication which will 
be distributed at the time of the Annual Scientific Session. 

. An original manuscript, typed double-spaced, is required. 

3. Include a letter or certification form indicating your intention to enter the com- 
petition, and an accompanying letter or verification form from your Chief of Service 
or Laboratory indicating his willingness to have the material entered in the com- 
petition. 

4. Complete and return the 3" X 
a. Entrant and his address c. Title of paper 
b. Co-author(s) d. Institution(s), City and State 

5. Forward to: Patrick A. Ziarnik, Director, Annual Scientific Session Department, 
American College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 
20014. 





bo 


5” ivory index card containing: 


NOVEMBER 1, 1976 


If you wish to have your paper considered for presentation at one of the abstract ses- 
sions in addition to the YIA competition, your abstract must be submitted by Sep- 
tember 20, 1976. 


Special abstract reproduction forms, certification and verification forms and rules 
for submitting abstracts are supplied on request to the College at the address above. 
These “special” forms are to be used by each entrant. 


Support for the awards is provided as a Professional Education Grant of Searle Laboratories, a Division 
of G. D. Searle & Company. 


406. _. September 1976 The American Journal of CARDIOLOGY Volume 38 
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Roche Computer-Based Monitoring Systems . Roche Computer-Based Monitoring Systems are — — 
hel deli bett tient designed to meet the needs and budgets of all hospitals. — 
elp you deliver better patient care Building-block modularity provides customized capabilities | 

j i ; ER ... you start with a simple system to meet today's a 

Roche Medical Electronics - pioneering in needs, then expand as your needs grow. s 
advanced instrumentation for critical care- has Let us show you how to harness Roche technology - 

developed a broad range of systems that monitor, analyze, and attain a new standard in patient care. Challenge Roche _ 

compute, store and display a diversity of data...systems to demonstrate the value of computerized monitoring... 

that make it possible for you to improve the quality of return the coupon today. ; 

eges edt er ey rot to i seid ANE | ! Little, Arthur D. Inc. A review of the Patient Monitoring System at 3 2 
or patients, whe Simultaneously simpiHying proiessiona the University of Alabama Medical Center; prepared for National Center 


staff procedures! « for Health Services Research and Development, March 1973. 


I challenge Roche to show that I can improve 
patient care through computer-based 


monitoring. 
C Please have my Roche Representative call 
for an appointment ( ) 


C] Please send me literature on Roche 
Computer-Based Monitoring Systems 





Name 

Title | i 

Hospital 
ELECTRONICS INC. Djs icu State Sk Seip MN 


Subsidiary * Hoffmann-La Roche Inc. 
Cranbury, New Jersey 08512 * (609) 448-1200 





Identifying your patient at risk 
of thromboembolic complications 


While every MI patient is not a candidate for oral anti- 
coagulation therapy, a history of previous infarct or 
angina, persistent atrial fibrillation or congestive fail- 
ure, severe hypotension or shock or serious ar- 
rhythmia may increase risk of thromboembolic 
complications. 

In addition, certain procedures often place your 
surgical patient, particularly if he's over 40 years of 
age, in the high risk category—cup arthroplasty or 
pelvic surgery, heart valve replacement, reparative 
vascular surgery. 

Your geriatric patient, too, is at high risk of throm- 
boembolism if he's suffered a fracture—especially 
of the hip, pelvis or a lower extremity—or if his history 
includes venous insufficiency. 

For any of these individuals, obesity, previous 
episodes of venous thrombosis or pulmonary em- 
bolism and a future including prolonged bed rest all 
- increase the risk of thromboembolic complications, 
and make him a candidate for oral anticoagulation. 


COUMADIN® is an Endo U.S. registered trademark. 
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Laboratory monitoring 


For every patient receiving COUMADIN® (crystalline 
sodium warfarin), frequent laboratory monitoring is a 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range 
—1Ve to 2Ve times normal. Individualize dosage and 
administration as indicated by prothrombin time re- 
sults. Determine subsequent prothrombin times pe- 
riodically throughout the course of therapy. 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 
should be made aware of the factors that may influ- 
ence his prothrombin time and, therefore, his re- 
sponse to COUMADIN$— dietary change, travel, 
other medication, change in physical condition and 
abrupt environmental change. What's more, he 
should know the importance of regularly taking the 
exact dosage of COUMADIN® prescribed and of 
keeping every appointment with you and with the 
laboratory. 





‘COUMADIN 


Therdbel pi eS 
put into practice 









(CRYSTALLINE SODIUM WARFARIN’) 


INDICATIONS Based on a review of this drug by the National Academy of Sciences—National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN” is indicated for the prophylaxis and treatment of venous thrombosis and 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and treatment 
of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


“Possibly” effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 





CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or genera! physical condition or 
personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies associated 
with active ulceration or overt bleeding of: (1) castrointestinal, genitourinary or respiratory tracts; (2) 
cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericardial effusions; (5) 
subacute bacterial endocarditis. Threatened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities or unsupervised senility, alcoholism, psychosis; or lack of patient cooperation. Miscella- 
neous: polyarthritis, vitamin C deficiency, major regional and lumbar block anesthesia. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2 days; therefore its effects may become 
more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly that treatment 
of each patient is a highly individualized matter. Dosage should be controlled by periodic determinations of 
prothrombin time or other suitable coagulation tests. Determinations of whole blooc clotting and bleeding 
times are not effective measures for control of therapy. Heparin prolongs the one-stage prothrombin time. 
Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® are given together, a period 


` of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 hours after the last subcutaneous 


dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condition 
where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in which 
the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in untreated 
cases. The following may be associated with these increased risks: 


Pregnancy- COUMADIN” passes through the placental barrier, and the danger of hemorrhage to the fetus 
exists even to the point of fatal hemorrhage in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are essential. The newborn may be particularly 
sensitive to sodium warfarin. There have been reports of birth malformations in children born to mothers 
who have been treated with warfarin during the first trimester of pregnancy. Whether warfarin was in fact 
the responsible agent has not been established. Therefore, women of childbearing potential who are can- 
didates for anticoagulant therapy should be carefully evaluated and the indications critically reviewed. If 
COUMADIN* must be used during pregnancy, or if the patient becomes pregnant while taking this drug, 
the patient should be apprised of the potential risks to the fetus, and the possibility of termination of the 
pregnancy should be discussed in light of those risks. Lactation -coumarins may pass into the milk of 
mothers and cause a prothrombinopenic state in the nursing infant. Prolonged dietary deficiency 
(cachexia, vitamin K). Severe to moderate hepatic or renal insufficiency. Infectious diseases or distur- 
bances of intestinal flora-sprue, antibiotic therapy. Trauma which may result in internal bleeding. 
Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. Spinal puncture. Severe 
to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabetes, menometror- 
rhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN* , thereby requiring more 
frequent laboratory monitoring, and reduced doses of COUMADIN* . 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over three to 
four weeks. 


Qr Periodic determination of prothrombin time or other suitable coagulation test is essen- 
tial. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good prac- 
lice to monitor the patient's response with additional prothrombin time determinations in the period 
immediately after discharge from the hospital, and whenever other medications are initiated, discon- 
tinued or taken haphazardly. The following factors are listed for your reference; however, other factors 
may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 
ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure: diarrhea; elevated temper- 


we hepatic disorders—infectious hepatitis, jaundice; poor nutritional state; vitamin K deficiency—stea- 
torrhea. 


EXOGENOUS FACTORS: Alcohol; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; brome- 
lains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN" overdosage; 
dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram: drugs affecting blood ele- 
ments; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; mefenamic 
acid; methylphenidate; monoamine oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbutazone; 
phenyramidol; prolonged hot weather; prolonged narcotics; quinidine; quinine; salicylates (in excess of 1 
Gm/day); sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; triclofos sodium; unreli- 
able prothrombin time determinations. 

tincreased and decreased prothrombin time responses have been reported. 


The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperlipe- 
mia; hypothyroidism. 


*Present as crystalline sodium warfarin isopropanol clathrate. 
Licensed by Wisconsin Alumni Research Foundation. 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 


EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids; antihistamine 


hydratet; chlordiazepoxide; cholestyramine; COUMADIN* underdosage; diet high i 
fish, fish oil, onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; haloperi 
contraceptives; paraldehyde; primidone; rifampin; unreliable prothrombin time deter 


tincreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which r 
decrease his sensitivity to COUMADIN® . Because the net effect on his prothrombin 
unpredictable under these circumstances, more frequent laboratory monitoring is ad 


Drugs not yet shown to interact or not to interact with coumarins are best regard 
when their administration is started or stopped, the prothrombin time should be 
than usual. 


-Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorprope 
and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the | 
ference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium wal 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of th 
prothrombinopenia. The signs and symptoms will vary according to the location anc 
bleeding. Therefore the possibility of hemorrhage should be considered in evaluati 
anticoagulated patient with complaints which do not indicate an obvious diagi 
anticoagulant therapy does not always correlate with prothrombin activity. (See T 
DOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic ran 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulce 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urti 
nausea, diarrhea, abdominal cramping, a syndrome called "purple toes, ' hypersen 
extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to imf 
clotting mechanism to such an extent that thrombosis will not occur, but at the sa 
extensive impairment as might produce spontaneous bleeding. Effective therapeu 
complications can best be achieved in cooperative and well-instructed patients, 
informed of their status between visits. COUMADIN® patient aids are available to phy 


The administration and dosage of COUMADIN* must be individualized for each p 
particular patient's sensitivity to the drug as indicated by the prothrombin time. 
reflects the depression of vitamin K-dependent factors, namely Factors VII, IX, X ant 
by coumarin anticoagulants. There are severa! modifications of the Quick one-stagt 
the physician should become familiar with the specific method used in his laboratory 


Administration of COUMADIN* should be gauged according to prothrombin time d 
able method. The blood prothrombin time should usually be determined daily after ti 
initial dose until prothrombin time results stabilize in the therapeutic range. Interva 
prothrombin time determinations should be based upon the physician's judgment o 
and response to warfarin in order to maintain the individual within the therapeutic 

vals for prothrombin time determinations have usually fallen within the range of o 
factory levels for maintenance of therapeutic prothrombinopenia are 1% to 

prothrombin time (e.g. 21to 35 seconds, with a control of 14 seconds). 


Induction—40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitate 
only administered orally, intravenously or intramuscularly. 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg da 
is provided by breaking scored tablets in half. The individual dose and interval st 
patient's prothrombin response. 


Duration of therapy- The duration of therapy in each patient should be individu 
coagulant therapy should be continued until the danger of thrombosis and embolism 


Treatment during dentistry and surgery- The management of patients who unde 
procedures requires close liaison between attending physicians, surgeons and d 
anticoagulant therapy may precipitate thromboembolism, and conversely, if antico: 
at full doses, some patients may hemorrhage excessively. If it is elected to adminis 
to, during, or immediately following dental or surgical procedures, it is recommet 
COUMADIN® be adjusted to maintain the prothrombin time at approximately 1% 
level. The operative site should be sufficiently limited to permit the effective use of 
mostasis including absorbable hemostatic agents, sutures, and pressure dressin 
these conditions dental and surgical procedures may be performed without undue ri 


COUMADIN® with Heparin—Since a delay intervenes between the administration ol 
therapeutic prolongation of prothrombin time, it may be advisable in situations 
administer sodium heparin initially along with COUMADIN . The initial dose of 
COUMADIN may be administered together in the same syringe. It should be noted 
the prothrombin time; and therefore, when patients are receiving both heparin and | 
sample for prothrombin time determination should be drawn just prior to the ne 
prerana 4 to 5 hours after the last intravenous injection or 12 to 24 hours afte) 
injection. 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without | 
trolled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessar 
administration of vitamin Kı. The appearance of microscopic hematuria, excess 
melena, petechiae or oozing from nicks made while shaving are early manifesté 
binemia beyond a safe and satisfactory level. 


In excessive prothrombinopenia with mild or no bleeding, omission of one or mort 
may suffice; and if necessary, small doses of vitamin Kı orally, 2.5 to 10 mg, 
problem. 

If minor bleeding persists. or progresses to frank bleeding, vitamin K, in doses of £ 
parenterally. (Please note recommendations accompanying vitamin K preparations | 


Fresh whole blood transfusions should be considered in cases of severe bleedin, 
states unresponsive to vitamin Ki. 


Resumption of COUMADIN® administration reverses the effect of vitamin Ki, í 
prothrombinemia level can again be obtained. 


SUPPLIED Tablets: COUMADIN* (crystalline sodium warfarin). For oral use, si 
numerically with potency as follows: 2 mg lavender, 2% mg orange, 5 mg peach 
white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose bl 


Injection: Available as single injection units of amorphous sodium warfarin lyophi 
intramuscular use in a box of 6 units. 50 mg: Unit consists of 1 vial, 50 mg; st 
thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide, accompanied by a 2 ml 
Injection. 75 mg: Unit consists of 1 vial, 75 mg; sodium chloride, 15 mg; thin 
adjusted with sodium hydroxide, accompanied by a 3 ml ampul Sterile Water for Inje 
Sterile Water for Injection contains no antimicrobial or other substance, and it is no 


lar injection without first having been made approximately isotonic by the addition | 
only for reconstitution of the lyophilized product. 


€ndo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (In: 
Garden City, N.Y. 11530 


PI 


EDO-2620 


hat’s why physicians, clinics, and hos- 
itals throughout the country prefer our 
olter scanning services and have made 
s the world’s largest scanning center. 
hey know that only CARDIO-DYNAMICS 
ffers them a spectrum of Holter 

nalyses at economical prices, for both 
)yna-Gram? cassettes and Avionics 
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Find out how CARDIO-DYNAMICS can 
improve your Holter program. For further 
information, please contact: 


| 


I 


| i cardio: Dynamics 


Cardio-Dynamics Laboratories 
12401 West Olympic Blvd. 








Gould Statham P23 ID Pressure Transducer 





If it were your blood pressure, would you 


accept less than Gould Statham? 


The Gould Statham Model P23 ID 
Transducer is the culmination of 
nearly 30 years of leadership in 
the medical transducer field. 

The P23 ID has dependable 
electrical isolation that assures 
patient safety and is uncondition- 
ally guaranteed against damage 
from defibrillator or electrocautery 
use. All this plus stable, accurate 
performance-in such applications 
as arterial, venous and wedge 
pressure measurements. 

Add the Disposable Diaphragm 
Dome to the P23 ID or most other 


units in the P23 series and you 
have an impressive combination 
working for you: performance and 
safety with less overall cost. 

For more information on the 


P23 ID pressure transducer with 
Disposable Diaphragm Dome. 





P23 ID, Disposable Diaphragm 
Domes, and an outstanding oppor- 
tunity to upgrade your transducer 
inventory through a generous 
trade-in program, write Medical 
Transducer Sales Manager, Gould 
Inc., Statham Instruments Division, 
2230 Statham Boulevard, Oxnard, 
CA 93030. Tel. (805) 487-8511. 


s} GOULD, , 


The product development company 
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. E for M 2-Year Warranty: Equipment manufactured by Electronics for Medicine, Inc. is 


warranted against defects in material and workmanship for a period of two years. War- 
ranty coverage begins either on the date of installation, or thirty days after the shipping 
date, whichever comes first. During the warranty period, Electronics for Medicine, Inc. 
will repair or replace, at its option and at no charge, equipment which has failed in nor- 
mal use and not been subjected to abuse, alterations or negligent treatment by the user. 


en > HE ES" AUR d a Caes DIXI Up DOO EAR 
i enen is Ss TFP FE "e aN ae 


> pe 











CÓ ME NN FE 
^ 
nnnnhn 


"2.28 28 0 vs Vv 


We make patient monitoring systems second to none. Systems with non-fade displays 
and split-screen holds. With our monitors you can freeze traces on half the screen while 
continuing to view the patient's current condition on the other half. Very valuable instru- 
ments. And competitively priced. 


But that's only part of the story. Because we design E for M monitoring systems for 
dependability, we know how each component should be tested. And so, we test and 
re-test each completed unit. And torture test it. And then put it through a continuous-use 
test of more than four days: Because we do all of this, we know our monitors will last. 
That's why we can offer the longest warranty available in patient monitoring today. 


Plus 10 years of 
guaranteed protection. 


But, that's not all. Starting now, when you buy an E for M Patient Monitor, you'll also get 
protection for 10 long years. If, tomorrow...or any time in the next 10 years... we can't 
provide parts and service for the E for M monitor you buy today, you can trade it in for 
its replacement model, with an allowance based on age of up to 100% of the original price! 


Performance plus great dependability. And warranty protection that’s every bit as 
good as our patient monitors. Thats what you'll get from us when you call with your 


requirements. 








FOR 
MEDICINE, 
INC. 
30 Virginia Road, 


The torture test 
shakes everything up 
to make sure nothing 


shakes loose. (914) 946-1187 





ELECTRONICS 


White Plains, N.Y. 10603 


2-Year Warranty 
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uard the evening hours 


against anginal attack 


Transdermal 


NITRO- BID; (2% nitroglycerin) 


Ointment 


Two double-blind studies have demonstrated the efficacy of NITRO-BID* (2% nitroglycerin) transdermal oint- 


ment.''? 


Nitro-Bid Ointment works because absorption through the skin provides anatural "controlled release" 


delivery system that lets nitroglycerin bypass the digestive system and enter directly into the bloodstream. 


Bedtime or daytime, as little as an inch of Nitro-Bid transdermal ointment smoothed on the skin can give 


your patients hours of potent protection against anginal attacks. See 


Brief Summary DESCRIPTION: rogi ycerin 2% 
trinitrate) and lactose in special lanc he de rolatum base. 
ACTION: Nitroglycerin is continuously absorbed through the skin 
into the circulation, thus exerting prolonged vasodilator effect. 
INDICATIONS: Prevention and treatment of angina pectoris. 
PRECAUTIONS: Headache is a sign of ove rdosage, so reduce 
dosage Occasionally elde rly patients may develop postural hypo- 
tension with faintness upon suddenly arising. May be contrain- 
aicated in patients with marke daner nia, increased intraocular pres- 
sure or increased intracranial pressure Dont use in patients with 
a known idiosyncrasy to nitrites 

DOSAGE AND ADMINISTRATION: Usual d 
squeezed from tube. Some patients require 4-5 
mine optimal dosage, start with 1 inch, increase dose 


(glyceryl 


ose is 1-2 inches. as 
inches. To deter- 
1/2 inch at 
ek WJ: The effei 


REFERENCES: 1. Davidov ME, Mrocz 


t of nitroglycerin ointment on the exercise capacity 


your Marion representative tor further product information 
ur [ (Lati Ve I urii L € | 


a time until headache occurs, then drop back to largest dose which 
doesnt cause headache. Apply to desired skin area with Dose 
Measuring Applicator DO NOT USE FINGERS. Spread in thin, 
uniform layer. May be applied every 3-4 hours if necessary. Effec- 
tive in control of angina pectoris, regardless of skin site of appli- 
cation, although patients may prefer chest site because anginal 
pain originates in this area. To stop treatment of anginal patients, 
gradually reduce dosage and frequency of application over period 
of 4-6 weeks to prevent characteristic nitroglycerin withdrawal 
reactions. 


HOW SUPPLIED: 60-gram tubes 


CAUTION: Federal law prohibits 
dispensing without prescription. 


PHARMACEUTICAL DIVISION 


MARION 


LABORATORIES, INC. 


m 


in patients with angina pectoris 










FOR GOOD C 0 mwes vim 
What your patients 
should know about 
heart disease would ) 
fill a book... 

and it did! 








* AUTOMATIC REFILLING 

* INJECTION RATE: 0.15ML/SEC 

* INJECTION VOLUME: 1 TO 10ML ADJUSTABLE 
POWERED BY COMPRESSED AIR 

REMOTELY OR MANUALLY CONTROLLED 
5000 INJECTION FROM ONE AIR BOTTLE 


+ + * 
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3rd Edition! 
. "CARDIOMAX"' CIRCULATORY SYSTEM COMPUTER Moris 


THE HUMAN HEART: 
A Guide to Heart Disease 


Especially useful to the heart patient, as ‘well as 
medical personnel who come in contact with him, 
this practical guide describes essential facts about 
the anatomy, physiology, and common diseases of 
the heart. Written in layman’s language, the authors 
explain primary heart disease, their causes (if 
known), their effects upon the heart, what medical 
science can do to manage or cure them, and what the 
patient can do to help to manage his condition (diet, 
exercise, etc.). Important information is included on 
drugs, emergency resuscitation, catheterization, 
and heart surgery. Make sure your patients get the 
correct information on how to handle and what to 
expect from their condition, send for your copies 
today! 

By Brendan W. Phibbs, M.D., F.A.C.P., F.A.C.C.; with 5 
contributors. 1975, 3rd edition, 280 pages plus FM 
I-XIV, 642” x 912", 180 illustrations. Price, $8.50. 


MEASURES: 


* CARDIAC OUTPUT 

* MEAN TRANSIT TIME 

* CENTRAL BLOOD VOLUME 
* SYSTEMIC RESISTANCE 

" ats BLOOD PRESSURES 


DYE OR THERMODILUTION 
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Thermodilution Cardiac Output Computer 


"CARDIOTHERM-500" 
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of special interest to you... 


MYOCARDIAL INFARCTION: 
Electrocardiographic 
Differential Diagnosis 


This unique reference discusses all major condi- 
tions which produce infarction-like ECG patterns. 
The author develops significant points which will 
help you conduct an accurate differential diagnosis. 
The book is divided into two major sections: the first 
discusses depolarization, Q-wave patterns; the 
second examines repolarization, ST-T patterns, 
both simulating myocardial infarction. As each 
condition is presented, helpful hints, excellent 
tables, and numerous illustrations help you differen- 
tiate between actual infarct patterns and the 
pseudo-infarct patterns. 

By Ary Louis Goldberger, M.D. 1975, 218 pages plus FM 
I-XIV, 634" x 934", 96 figures. Price, $19.75. 





. *WILL WORK WITH ANY THERMISTOR CATHETER. 
. *RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
.. DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 
*AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPERA- 
TURE AND INDICATOR TEMPERATURE. 
*AUTOMATIC ZEROING, 
*ISOLATED CHART RECORDER OUTPUT. 
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= *EXTRAPOLATES DILUTION CURVE. C E 

... *SMALL VOLUME ROOM TEMPERATURE INJECTIONS. MI e Y 
*PRICE: $3,300.00. mob Ace ae le EAE MEA 

TIMES MIRROR 
COLUMBUS INSTRUMENTS eesse THE c v MOSBY COMPANY 
pn ee ee 11830 WESTLINE INDUSTRIAL DRIVE * 
I ST. LOUIS, MISSOURI 63141 
| Phone: (614) 488-6176 950 N. Hague Avenue 
Columbus, Ohio 43204, USA 
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*compl t ,multi-chinn Istres. 
t stsy-t mco tsi 5-th n$9,500. 


^ Whis is Quinton's complete, multi-channel stress test system for the 
ractical, clinical physician. 

The monitor features a two channel scope and two channel 
recorder. Our push button lead selection lets you observe and record 
any two of seven available leads simultaneously. With the QRS | 
sync, you can expand consecutive QRS complexes to the full width 
of the screen making even small changes obvious immediately. 

The system requires no battery packs and is fast and easy 
to calibrate. 

The treadmill is our Model 18-54. It's a standard in research 
centers, heart clinics and everyday practice. It features variable. 
speed and elevation, with metered readouts 
for both, plus Quinton' s endless nylon belt, 
aircraft type honeycombed aluminum deck, 
lifetime lubricated bearings and heavy duty 
AC motor. 

The entire system can be expanded as 
your needs grow. For details, contact Quinton 
Instruments, Dept. E56, 2121 Terry Avenue, T 
Seattle, WA. 98121. Call 206/223-7373 or ENG 
dial toll free 800-426-0538. QUINTON ` 


Model 623 ECG Monitoring System 



























The Jamieson Model 54 X-Ray Film 
Processor for 35mm n 


Fast 
Fast 
Fast ... up to 70 feet per minute! 


Each day members of the medical profession face new exacting challenges and 
opportunities to serve those who rely on their expert skills and judgement. 

To help you meet these needs more effectively and efficiently, Jamieson Film 
Company, a leading manufacturer of film processing equipment, has designed a 
totally new processor so unique that it has antiquated present systems designed 
for 35mm cineradiography. The Model 54 allows the laboratory technician to 
process film faster than any system on the market, but still offers developing 
quality equal or superior to the most meticulous hand-processing, all done au- 
tomatically. 

Compare what you see here with other processors. We think you will find the 
Jamieson Model 54 your very best buy. 









Call, write or clip coupon and mail today for more details! 


MEM Se SECUN ee ee a) [070-0  WOCXUSS E ee  CXENES 
Please send information on Jamieson Model 54 Processor and a list of users. 


j SN a a MENU ERU PON |. 

S| 95m HT NUR. ORE. VO DESEE, OE ie eee UNE S o 
6911 FOREST PARK ROAD e DALLAS. TEXAS 75235 H REAR”, VE ie JAMIESON FILM COMPANY D 
PHONE: 214-350-1283 © TELEX: 73-0932 M asc- 6911 Forest Park Rd. Dallas, TX 75235 J 


bo an ma aa ae mm om s aa e ee | 


Only Tektronix gives you 
all three in a portable 
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Whena 


cholesterol-control 
M diet is indicated... 


Helps Helps 












lower serum patients live with 
cholesterol the diet 


Serum Cholesterol 









The following patient aids and education pro- 
Moa ane aie grams are available free upon request. Please 
“Steps ari Mean moderate-diet check those you wish to receive and mail this 
change = 205 mg/dl. 
to 171 mg/dl. coupon to Dr. D. M. Rathmann, Mazola 
Nutrition Information Service, Best Foods, 
a Division of 





Strict cholesterol- Mean strict-diet CPC International Inc., 
lowering diet change n on mg./dl. International Plaza, 
duplo cra Englewood Cliffs, 
New Jersey 07632. 
JC-5 


[.] Patient Aids: (1) "A Diet for Today" — practical 
menus and recipes to lower cholesterol intake. 
(2) "Nutritive Values of Food Products made by 
Best Foods: (3) "Beyond Diet: Exercise Your Way 
to Fitness and Heart Health" — an innovative 
exercise and fitness program for patients. 


Adapted from Anderson, ] T., Grande, F., and Keys, A.: Cholesterol- 
lowering diets, J. Am. Diet. Assoc., 62:132, 1973. 


In this study, a standard diet was modified to produce a 
moderate cholesterol-lowering diet, using skim milk, lean meats, | 
fish, two eggs per week, poultry, and Mazola* corn oil and 
| “Atherosclerosis” Additional information on an 
80-page physician education monograph developed 
by leading authorities, with a self-evaluation section, 
and a full-color, 30-minute documentary film. 


corn oil margarine. The average decrease in serum cholesterol 
for the 12 subjects was 17%. Serum cholesterol was reduced even 
more (average of 29% for 36 subjects) when a strict diet was 
used, which excluded butterfat and margarine, further reduced 
meat and eggs, and allowed Mazola corn oil as the only 

visible fat. All changes were considered highly significant. 


C] “3 Times a Day” Additional information on a 
nutrition learning system for patients, offering a 
52-page monograph, a film for group showings, and 
self-evaluation forms. 


Taste acceptance... 





Diet adherence Dr. 

For cholesterol control, long-term adherence Name 

is essential. To gain patient acceptance, the SS 

polyunsaturated fats used must pass Pied Street Address 

the test of taste. For flavor and lightness, 

Mazola corn oil and corn oil margarine qualify w——» Ciy . .. Stt | — . |ZipCode ' 


: Mazola 
aq ne mis Corn Oil « Margarine SF 
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. Marki6/55 __ 

.. Gne-Fluorographic 
Film Processor 
For the highest quality films without artifacts. 


Theater quality is assured. 


The Mark 16/35 production 
processor automatically processes 
diagnostic cine-fluorographic films 
to secure full tonal reproduc- 
tion and complete clarity. 

Adjustable speed and 
temperature controls 

permit selection of 

proper parameters for 

desired density, gamma, 

and acutance. True 
quality control is simple 
and repeatable. Fully 
adjustable controls let you use 
standard or "hot" developing 
solutions. The Mark 16/35 is 
shipped complete — no accessories 
are required. 

It is constructed of 316L 
stainless steel inside and out for 
years of maintenance-free 
operation. The Mark 16/35 is 
daylight operated and is portable. 

Processing is at 25 feet per 
minute, Capability to 60 feet per 
minute. Dry-to-dry. Anyone can 
learn to operate it in an hour's 
time. It's that easy. 

For complete details 
contact us or your nearest Oscar 
Fisher dealer. 
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OSCAR FISHER CO., INC. 


P.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 

All equipment manufactured by Oscar Fisher 
Company, Inc., is on GSA Contract. 





>= 











the BV380 





Blood Velocimeter 





The ruggedly constructed, AC powered Sonicaid 
BV380 can be easily transported from room to room as 
needed. The pencil-like transducer transmits and then 
receives the reflected ultra-sound signal (doppler shift) 
which is then processed by Sonicaid’s advanced 
circuitry for both audio and visual presentation. 

As an alternative, Sonicaid offers the BV381, 
the same as the BV380, but with an integral 2-speed, 
2-channel chart recorder with ECG/PCG facility. 





Non-invasive, doppler ultra-sound, blood velocity 


measurement for cardiologists, vascular and cardiovascular | 


surgeons, internists and neurologists, general practitioners. 


The new, simple to operate, Sonicaid BV380 Blood 
Velocimeter obtains data on both blood velocity and 
direction by doppler ultra-sound. A non-invasive, trans- 
cutaneous procedure, it offers no discomfort to the 
patient. 

A narrow beam of low energy (4 or 8 MHz) ultra- 
sound is transmitted into a blood vessel. The signal 
reflected from the blood cells is then processed by 
Sonicaid's advanced circuitry to yield both blood flow 
and direction data. 


Both Audio and Visual Presentation 

The meter on the BV380’s front indicates both blood 
velocity and direction and there are separate out- 
puts to link the BV380 to a standard ECG recorder or 
oscilloscope. 

You can listen to the representation of blood flow 
sounds on either a loudspeaker or headset with a stereo 
effect. And you can connect a stereo tape recorder to 
transcribe the signal. 


Interpretation and Application 
To assist you in the recognition of blood velocity wave- 


SONICAID 





PO. Box 714 AE e Fredericksburg, Virginia 22401 e Telephone 703/898-6820 


forms symptomatic of a variety of circulatory ailments, | 
we have prepared an atlas: “Blood Velocity Waveforms | 
and their Physiological Interpretation: Applications - 


where the BV380 can assist you include: 
e diagnosis of diseases of the right and left heart 
e examination of the peripheral arterial system 


e determination of patency following reconstructive — 


surgery 
e determination of venous incompetence 
e neurological investigations related to diseases of the 
carotid and ophthalmic arteries 
The BV380 has proved to be a practical alternative 


to catheterization or angiograms in a number of cases — 


where the patient was too ill to undergo these procedures. 


For more information 


For further information or a demonstration of the new - 


Sonicaid BV380 Blood Velocimeter or its companion 


BV381 with an integral 2-speed, 2-channel recorder . 
with ECG/PCG facility, please write John Scales, Execu- 


tive Vice-President, Sonicaid, Inc. 


a pioneer and world leader in doppler ultra-sound diagnostics...more than 20,000 of our most popular instrument, a — 


fetal heart detector, are in use in more than 91 countries...the BV380 and BV381 are sold and serviced nationwide. | | 
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Congestive Heart Failure 
Mechanisms, Evaluation and Treatment 


A Must book for your library. This comprehensive and meticulously 
organized text provides thorough and complete coverage of this common 
classification of abnormal heart function. More than 50 of the world’s 
foremost authorities on the subject are contributors to this important new 
work. Contributors include: Sonnenblick, Schwartz, Wikman-Coffeit, 
Katz, Gunning, Coleman, Amsterdam, Covell, Rackley, Russell, Feild, 
Smith, Williams. 
Dean Mason, editor of the book and author or co-author of many of the 
chapters, has written over 300 original scientific papers on clinical 
cardiology and cardiovascular research. An up-to-date authoritative text 
on Congestive Heart Failure has been long awaited. Thanks to Dr. 
Mason and his colleagues, we do not have to wait any longer. 
Order your trial copy now. 

E Approximately 530 double-column pages with 250 

illustrations and extensive references/$35.00 








“must 
book" 


DEAN T. MASON, M.D. 
Chief—Cardiovascular Medicine 
School of Medicine 

University of California, Davis 





YORKE MEDICAL BOOKS 
666 Fifth Avenue, N.Y., N.Y. 10019 


CONGESTIVE HEART FAILURE 


Yes, please reserve copies of Congestive Heart Failure. 


O | enclose payment (publisher absorbs handling charge). 

[] Bill me and add $1.00 for handling charge. 

t] Foreign Orders: Pre-payment required. Note: Add $2.00 for surface shipment; 
$4.00 for air shipment. 


Name...) oues o T T. 2^ - D : x 











Address oe 
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Pathogenesis and Management of 
Congestive Heart Failure — D.T. 
Mason. 

|. Mechanisms 

2. Structural Conditions in the Hyper- 
trophied and Failing Heart — H.M. 
Spotnitz and E.H. Sonnenblick. 

3. Abnormal Biochemistry in Myocar 
Failure — A. Schwartz, L.A. Sordah 
M.L. Entman, J.C. Allen, Y.S. 
M.A. Goldstein, R.J. Luchi and L.9 
Wyborny. 

4. Ribonucleic Acid Polymerase ani 
Adenyl Cyclase in Cardiac Hyper- 
trophy and Cardiomyopathy — K.G. 
Nair, T. Umali and J. Potts. 

5. Myofibrillar Proteins and the Con- 
tractile Mechanism in the Normal and 
Failing Heart — J. Wikman-Coffelt, C. 
Fenner, A.F. Salel, T. Kamiyama and 
D.T. Mason. 

6. Effects of ischemia on the Contractile 
Processes of Heart Muscle — A.M. 
Katz. 

7. Alterations of Cardiac Sympathetic 
Neurotransmitter Activity in Con- 
gestive Heart Failure — H.L. Ruten- 
berg and J.F. Spann, Jr. 

8. Contractile and Energetic Behavior of 
Hypertrophied and Failing Myocar- 
dium — G. Cooper, IV, J.F. Gunning, 
C.E. Harrison and H.N. Coleman, Ill. 

9. Regulation of Cardiac Performance in 
Clinical Heart Disease: Interactions 
Between Contractile State, Mechani- 
cal Abnormalities and Ventricular 
Compensatory Mechanisms — D.T. 
Mason. 

10. Peripheral Circulatory Control 
Mechanisms in Congestive Heart 
Failure — R. Zelis, J. Longhurst, R.J. 
Capone, G. Lee and D.T. Mason. 

11. Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects — 
A.E. Amsterdam. 

12. Nature and Significance of Alterations 
in Myocardial Compliance — J.W. 
Covell, 

13. Renal Function and Edema Formation 
in Congestive Heart Failure — M.J. 
Tonkon, S.M. Rosen and D.T. Mason. 

li. Evaluation 2 

14. Physical Findings in Heart Failure and 
Their Physiologic Basis — R.A. 
O'Rourke and M.H. Crawford. — 

15. Echographic Evaluation of Cardiac 
Function — A.N. DeMaria, A.L. Neu- 
mann and D.T. Mason. 

16. Cardiac Catheterization in the Clinical 
Assessment of Heart Disease and 
Ventricular Performance — D.T. 
Mason, R.R. Miller, D.S. Berman, L.A. 
Vismara, D.O. Williams, A.F. Salel, 
A.N. DeMaria, H.G. Bogren, G.L. De- 
Nardo and E.A. Amsterdam. - 

17. Catheterization Evaluation of Cardiac 
Function in Acute and Chronic Coro- 
nary Artery Disease — C.E. Rackley, 
R.O. Russell, Jr., R.E. Moraski, J.A. 

Mantle, B.J. Feild and M. Smith. 

ill. Treatment Fr 

18. Management of Chronic Refractory 
Congestive Heart Failure — D.T. 
Mason, R.R. Miller, D.O. Williams, 
A.N. DeMaria, L.D. Segel and E.A. 
Amsterdam. 

19. New Developments and Therapeutic 
Applications of Cardiac Stimulating 
Agents — J.F. Williams, Jr. 

20. The Digitalis Glycosides: Clinical 
Pharmacology and Therapeutics — 
D.T. Mason, E.A. Amsterdam and G. 
Lee. 

21. Ventricular Afterload Reducing 
Agents in Congestive Heart Failure 
Therapy — R.R. Miller, D.O. Williams, 
A.N. DeMaria, E.A. Amsterdam and 
D.T. Mason. 

22. Myocardial infarction Shock: 
Mechanisms and Therapy — E.A. 
Amsterdam, A.N, DeMaria, J.L. 
Hughes, E.J. Hurley, A.J. Lurie, D.O. 
Williams, R.R. Miller and D,T. Mason. 

23. Antiarrhythmic Agents: Clinical 

Pharmacology and Therapeutics — 

D.T. Mason, A.N..DeMaria. E.A. 

Amsterdam, L.A. Vismara, RR. - 
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the new Model 10 
Avco Intra-Aortic Balloon Pump 


Cranbury, New dersey | 08512 » and. 419.1200; 





now... 
circulatory 
assistance 
comes of age! 














The most experienced cardiac assist system is now the most 
refined. Exacting design standards extend the performance, 
reliability and patient care capabilities... simplified operation, 
improved monitoring, digital diagnostic displays and greater 
mobility make the Model 10 the most desirable counter- 
pulsation system. 


Uniquely Roche, the Avco Model 10 features... 
* Three-color waveform displays of ECG, arterial pressure 
and balloon pressure. Full 12-lead ECG capability. [e 
* Alphanumeric displays of heart rate, balloon p 

gas volume, and systolic, mean and diastolic E. pec oreo 
blood pressures. : 

* Automatic preprogrammed message displays { 
to identify problem states and suggest procedural | 
steps for immediate correction. | 
* Advanced microprocessor techniques allow 
R-wave or arterial pressure triggering, pacer 
pulse rejection, and display of derived physio- 
logic data. 

* Compact design, lighter weight and larger 
conductive wheels for increased mobility and 
safety. 
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ROCHE MEDICAL ELECTRONICS INC. 


Subsidiary * Hoffmann-La Roche Inc. 
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* New electro-magnetic drive system for quieter, more 

reliable operation. 

* Operates on less power and requires less warm-up time.. 
self-contained, rechargeable battery pack for extended operation 
during transport. 

* Used with standard Avco Tri-Segment™ 
constructed using a patented design that prevents end- 
occlusion, blood entrapment, and excessive aortic wall stress. 


balloons that are 


ROCHE. ..improving patient care 
through technology. 


E All Avco Intra-Aortic Balloon Pumps are 
| backed by the Roche nationwide network of 


Technical Representatives and Avco Cardio- 
vascular Specialists. Reliable technical and 


TẸ clinical support as well as on-site training are 


your guarantees of consistent, dependable and 


TẸ accurate instrument performance and operation. 


* Developed by Avco Corporation and manufactured 
for Roche Medical Electronics Inc. 





For a demonstration...or detailed information, 

return this coupon today! 

C] Please send me additional information on 
the Avco Model 10. 

[ Please call me to arrange for a demonstration 





of the Avco Model 10. ( Tel. ) 
Name 
Title Hospital 
Address 


City ee, rare Zip 
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EDITORIAL: 
Presystolic Murmur in Atrial Fibrillation: Fact or Fiction? Morton E. Tavel and Anthony J. Bonner 
ORIGINAL ARTICLES: 


Noninvasive Visualization of the Left Main Coronary Artery by Cross-sectional Echocardiography. Arthur E. Weyman, Harvey Feig- 
enbaum, James C. Dillon, Kenneth W. Johnston, and Reginald C. Eggleton 

An Echocardiographic Study of interventricular Septal Motion in the Wolff-Parkinson-White Syndrome. Gary S. Francis, Pierre Theroux, 
Robert A. O'Rourke, Arthur D. Hagan, and Allen D. Johnson 

Mechanism of Abnormal Septal Motion in Patients with Right Ventricular Volume Overload: A Cross-sectional Echocardiographic 
Study. Arthur E. Weyman, Samuel Wann, Harvey Feigenbaum, and James C. Dillon 
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Electrophysiological Studies in Patients with Chronic Recurrent Ventricular Tachycardia. Pablo Denes, Delon Wu, Ramesh C. Dhingra, 
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Observations on Mechanisms of Ventricular Tachycardia in Man. Hein J. J. Wellens, Donald R. Duren, and K. |. Lie 

Continuous Rapid Atrial Pacing to Control Recurrent or Sustained Supraventricular Tachycardias Following Open Heart Surgery. 
Albert L. Waldo, William A. H. MacLean, Robert B. Karp, Nicholas T. Kouchoukos, and Thomas N. James 

Body-surface Maps of Heart Potentials: Tentative Localization of Pre-excited Areas in Forty-two Wolff-Parkinson-White Patients. 
Luigi De Ambroggi, Bruno Taccardi, and Emilio Macchi 

Two to Three Years of Failure-free Testing of a Rechargeable Pacemaker in Experimental Complete Heart Block. Howard C. Hughes, 
Jr., Robert R. Brownlee, and G. Frank O. Tyers 

Noninvasive Evaluation of Regional Myocardial Perfusion in 112 Patients Using a Mobile Scintillation Camera and Intravenous 
Nitrogen-13 Labeled Ammonia. Warren F. Walsh, Paul V. Harper, Leon Resnekov, and Heiko Fill 

Angiocardiography with Iridium-19 1m: An Ultrashort-lived Radionuclide (T7? 4.9 sec). S. Treves, S. Kulprathipanja, and D. J. Hna- 
towich 

Transient Transmural Reduction of Myocardial Blood Flow, Demonstrated by Thallium-201 Scintigraphy, as a Cause of Variant 
Angina. Attilio Maseri, Oberdan Parodi, Silva Severi, and Antonio Pesola 

Sudden Death Among Postoperative Patients with Tetralogy of Fallot: A Follow-up Study of 243 Patients for an Average of Twelve 
Years. Thomas G. Quattlebaum, P. Jacob Varghese, Catherine A. Neill, and James S. Donahoo 

Left Heart Volume Characteristics Following Ventricular Septal Defect Closure in Infancy. G. Dykes Cordell, Thomas P. Graham, 
Jr., Gerald F. Atwood, Robert C. Boerth, Robert J. Boucek, and Harvey W. Bender 

The Normal Spectrum of Mitral and Aortic Valve Discontinuity. Glenn C. Rosenquist, Edward B. Clark, Lauren J. Sweeney, and Hugh 
A. McAllister 

Serum Cholesterol and Triglyceride Levels in 3,446 Children from a Biracial Community: The Bogalusa Heart Study. Ralph R. Frerichs, 
Sathanur R. Srinivasan, Larry S. Webber, and Gerald S. Berenson 

Serum Lipoprotein Profile in Children from a Biracial Community: The Bogalusa Heart Study. Sathanur R. Srinivasan, 

Ralph R. Frerichs, Larry S. Webber, and Gerald S. Berenson 

Studies of Blood Pressures in Children, Ages 5-14 Years, in a Total Biracial Community: The Bogalusa Heart Study. Antonie W. 
Voors, Theda A. Foster, Ralph R. Frerichs, Larry S. Webber, and Gerald S. Berenson 

Pharmacoangiographic Manipulation of Renal Collateral Blood Flow. Joseph J. Bookstein, Joseph F. Walter, James C. Stanley, and 
William J. Fry 

The Effects of Morphine on Venous Tone in Patients with Acute Pulmonary Edema. Louis A. Vismara, David M. Leaman, and Robert 
Zelis 


CASE REPORT: 


Mechanism of Reciprocating Tachycardia Initiated during Sinus Rhythm in Concealed Wolff-Parkinson-White Syndrome: Report 
of a Case. Ruey J. Sung, Augustin Castellanos, Henry Gelband, and Robert J. Myerburg 


RADIOLOGY 
Single Film Retrograde Umbilical Aortography in the Diagnosis of Hypoplastic Left Heart Syndme with Aortic Atresia. Ronald Rosengart, 
Jay M. Jarmakani, and George C. Emmanouilides . 


Comment. Richard A. Meyer . 
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...a means of readily identifying data significance 
can be quite another. 





Because a wide range of patient condition of day from the previous 1, 4, 8 or 24 hours. 

measurements is vital, yet can assume a different | 

significance at different times during the course of an Beyond this, PDS can integrate other data entries 

illness, General Electric offers you the Patient Data into the system for simultaneous consideration and 

System. Not just another monitoring evaluation. Including: clinical lab results, fluid input/ 

system...comprehensive patient management. output balance,manual parameters, and medication 
i summaries. This, for example, can permit evaluation 

PDS presents data in meaningful formats that permit of drug therapy over a period of time. 

' clear interpretation and precise intervention. One is a 
unique Vector Contour Plot which displays up to 8 PDS. Information plus identification of significance. 


selected parameters as a circle. Any change Your GE representative will show you how this 
in monitored parameters results in distortion n) performance difference can bring new 

of that circle. This is clearly visible from a standards of patient management to your 
distance and identifiable as a significant institution. Look for the commitment behind 
change in patient status, permitting action the equipment. 

before alarm limits are reached. An integral 
computer permits patient trend information 
to be clearly displayed, documented to time 





General Electric Medical Systems, 
Milwaukee, Toronto, Madrid 


PDS provides 
both. For 
comprehensive 
` patient 

- management. 
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— Now, the Collins Dry Spirometer — a no com- 
_. promise instrument with numerous innovations 


— on the inside where it counts. 


Like our solution for the critical piston and seal 


- design. Super thin silicone rubber seals the light- 
— weight piston to the inner body. Together, they 


# «1. keep the frequency response flat and resistance 
f jun under .1 cm. H,O. And piston position is servo 


ER a Ea AR 
X ANE T3 5 » A 
Wels 


cok = controlled: no strings — no pulleys! 


Pup hen there's the electronics — the finest in the in- 
(dens A choice of three computer compatible, 


"solid state plug-in modules provide the greatest. 
X ^ie _ possible economy and flexibility. 


. The Basic Module provides three alternatives: 

_ computer compatible output signals, direct re- 
" cording of spirograms using the optional two- 
^ — speed strip chart recorder or spirogram recording 


. with an X-Y-T recorder. 


Need more flexibility? Order the Volume Module 
(shown above). Its three digit display offers direct 
readout of Vital Capacity and a convenient ref- 
erence of bell position. Continuously variable se- 





é | 
high accuracy 


high reliability 
dry as a bone 


lection of BTPS corrections means one less cal- 
culation to make. Of course, it retains all the 
Basic Module's output capabilities. 


Now comes the Flow-Volume Module with all the 
advantages of the first two modules — plus a 
Real Time differentiator for performance of flow- 
volume loops with an X-Y recorder. 


One lightweight, cast aluminum main-frame — 
three interchangeable plug-in modules. It all 
starts at less than $890. Write now for our 
Product Release Bulletin or call us for more infor- 
mation. 


High and Dry could be to your advantage! | 


WARREN E. COLLINS, INC., 220 WOOD RD. 
BRAINTREE, MA 02184 TEL. (617)843-0610 
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As a practicing cardiologist, you now have 
the opportunity for greatly expanding your practice. 
Through computer-aided electrocardiographic 
analysis. 
CCS’ new ECG program lets you be two places 
at once. 

Now you can provide your services to other 
physicians or clinics without being on site yourself. 

The CCS system is simple, fast and convenient. 
ECG's are taken at the participating clinic or hospital 
and transmitted immediately to you for analysis. 
You receive an identical ECG 

Initial evaluation and re 
from the master computer. 
review and verify. Or review and change. Your analysis 
is back to the clinic or hospital within minutes. 


places at onc 
your practice 
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The addition of several terminals gives you | 
the opportunity to service several locations from your — 
own office. à 


The CCS system is proven and can be secured 
with a minimum investment in time or money. 
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It gives you the opportunity of providing ECG - À ^ 

analysis 24 hours a day every day. In locations that do — 

not warrant your full-time service. D 

We would like to show you how you can Y 

profitably be in two places at once. Withasound, ~ 

reliable computerized ECG report analysis program. — 

record. Call Jim Kemp, Marketing Manager, for information — 

rts are generated on CCS systems. Or write today. We'll be happy to 
utomatically. You simply make a complete analysis of your clinic. | 
Now an ECG canbe in two 

Vastly i y 

once. Vastly increasing 
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opportunities. — 
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medical computer company 
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COMPUTER CONSULTING SERVICE, INC. 
P. O. Box 1278 G, Dubuque Building, Suite 520 
Dubuque, lowa 52001 * (319) 556-3131 
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100 mg. every 5 minutes 2-6 mg. per minute 
until arrhythmia SUppr essed (Wyman, MG, Hammersmith L: 
(up to a maximum dose of 1 gram) Amer J Cardiol 


a :661-667, 1974 
to be administered at a rate 33:661-66 ) 


not exceeding 25 to 50 mg./minute. 


For ventricular arrhythmias, 
especially following M.I. 


‘The Priceless Ingredient of every product 
is the honor and integrity of its maker.'TM 
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antiarrhythmic success. 








aunts 50 mg./kg./day 
e nites begun. 
AI Pronestyl | 
(Procainamidé Hydrochloride) 
os through the entire therapeutic course 
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^U.S.P.) is a sterile aqueous | solution providing 100 mg. or 500 mg. pro- 

est . cainamide hydrochloride per ml. The 100 mg./ml. potency contains 0.9% 
ds (wv) benzyl alcohol and 0.09% sodium bisulfite as preservatives. The 500 
S và mg, /ml.. potency contains 0.1% fé Up abor" and not more than 0.296 
MM .Sodium bisulfite as preservatives. 4 


: . Contraindications: in patients with myasthenia gravis and where a hyper- 

3 sensitivity to procainamide exists; cross sensitivity to procaine and related 

drugs “must be borne in mind. Should not be given to patients with com- 

l E opere atrioventricular heart block.  Contraindicated in cases ot high-degree 
_ A-V-block unless an eine pacemaker is Operative. 


ecautions: Evidence of untoward myocardial response should be care- 
^ fully watched for in all patients. In the presence of myocardial damage. 
. procainam de may produce untoward responses. In atrial fibrillation or 


; j^ Z ss r, the ventricular rate may increase suddenly as the atrial rate is slowed; 


uate digitalization reduces but does not abolish this danger. If myo- 
: al damage exists, ventricular tachysystole is particularly hazardous. 
Chr qf bed Jislodgement of mural thrombi producing an embolic episode may 
“= occur rin Somecting. atrial fibrillation due to the forceful contractions of 
: "iat - m. 7 
xt reme tion is O in attempting to adjust the heart rate when 
intricular tachycardia has occurred during an occlusive coronary episode 
r wh whi nere the use of procainamide may result in additional depression of 
onduct on and ventricular asystole or fibrillation as in A-V block, bundle 
'anch block, or severe digitalis intoxication. 
Pa 'enteral administration should be monitored electrocardiographically 
it lever practicable. Parenteral administration should be discontinued 
at once i if electrocardiograms give evidence of impending heart block. This 
! E plication ‘should be kept in mind when treating ventricular arrhythmias 
Ce pe cially parenterally) in patients with severe organic heart disease and 
ricu ilar tachycardia who may also have complete heart block. Since 
stole e may result if the ventricular rate is significantly slowed without at- 
ent of regular atrioventricular conduction, procainamide should be 
ed and the patient re-evaluated. 
h presence of both liver and kidney damage, normal dosage may 
ice symptoms of overdosage — principally ventricular tachycardia and 
er potension. 
| syndrome resembling lupus erythematosus has been reported with 
nance procainamide therapy. Common symptoms are polyarth- 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion 
ica arditis may also occur. Rare cases ofth rom STOOD or Coombs- 


NESTYL! TABLETS 
nide Hydrochloride Tablets) 


e prolonged administration of procainamide often leads to the de- 















m E r Aaval, ‘the benefit/risk ratio related to continued procainamide 
Yerapy should be assessed. This may necessitate considerations of 

















i EU lated drugs. Should not be given to patients with complete atrioven- 
'ular heart block. Contraindicated in cases of second degree and third 
€ A-V block unless an electrical pacemaker is operative. 


r m tration: Should procainamide therapy be continued for any ap- 
period, Saoji should be made occasionally to deter- 


: dun! ‘Evidences of untoward myocardial response should be care- 
fully ‘watched for in all patients. In the presence of myocardial damage 
TR wi th atrial fibrillation or flutter, the ventricular rate may increase suddenly 
ud ds the atrial rate is slowed; adequate digitalization reduces but does not 
| this danger. Ventricular tachysystole is particularly hazardous if 
y yocardial damage exists. 
Xs -The dislodgement of mural thrombi producing an embolic episode may 
^. occur in en FUAE atrial fibrillation due to the forceful contractions 
1 Joek atrium. | 
E gue extreme caution is required in attempting to adjust the heart rate when 
a4 ventricu lar tachycardia has occurred during an occlusive coronary episode 


x 1 conduction and ventricular asystole- or fibrillation as in second degree and 
third degree A-V block, bundle branch block, or severe digitalis intoxication. 
oe % . Bear in mind when treating ventricular arrhythmias in patients with severe 
^ organic heart disease and ventricular tachycardia that complete heart block, 
which may be difficult. to diagnose, may be present. Since asystole may 
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. or where the use of procainamide may result in additional depression of. 


result if the ventricular rate is- significantly slowed without attainment of. 
. regular atrioventricular conduction, procainamide. should be stopped and 
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. providing 250 mg., 375 mg., and 500 mg. are available in bottles of - 
i s patient re- *eisinted: v p. ny Ero 4 D- uos sa iau Ny = TEENS: prd 800 MA ug tat tic also available in bottle s of 1000. 
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molytic a . possibly- s syr idr ome, ha 
Boni e Motah anti- rab Prep tervals in patients - 
. On procainamide for extended periods of time or in. wham symptoms sug- 
_ gestive of lupus-like. reaction appear; discontinue drug in event of rising 
titer or clinical symptoms of LE. Steroid therapy may be effective if discon- 
tinuation of procainamide does not cause remission of symptoms. If th 
syndrome develops in a patient. with recurrent life-threatening arrhythmias 
not otherwise controllable, Beale suppress therapy may be used. cow í 
comitantly with procainamide, - ^ A a 









Adverse Reactions: Because Erica amie isa peripheral vasodilator, | 
ILV. administration may produce transient but at times severe hypotension ` 
‚particularly in conscious patients. !.M. injection is less likely to Cause serious 
falls in blood pressure. Serious. disturbances of cardiac rhythm. such as 
ventricular asystole or fibrillation are also, more common with LV. 
administration. a 

A syndrome resembling lupus erythematosus has been reported. Re- 
actions consisting of fever and chills including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 
SGOT following single doses of the drug have been reported. Bitter taste, 
diarrhea, weakness, mental depression, giddiness, psychosis with hallucina- 
‘tions, hypersensitivity reactions such as angioneurotic edema and maculo- 
papular rash have been reported. Agranulocytosis has been occasionally 
reported following repeated use of the drug, and deaths have occurred: 
therefore, routine blood counts are advisable during maintenance therapy. 
If soreness of mouth, throat or gums, unexplained fever or any symptoms. 
of upper respiratory tract infection should occur and leukocyte counts in- 
dicate cellular depression, procainamide therapy should be discontinued - 
and appropriate treatment should be instituted immediately. | K 





Administration: Oral administration is preferred. When parenteral therapy 
is necessary, intramuscular administration is the method of choice. Intra- 
venous use should be limited to extreme emergencies, the drug should be 
administered as a dilute infusion, and the patient should be monitored | 
electrocardiographically. The intravenous dose should not exceed 1 gram. 
Administer at a rate not exceeding 25 to 50 mg. per minute. " 

Should procainamide therapy be continued for any appreciable period, 
electrocardiograms should be made GOCaSI aps. to determina, its tur- 
ther need. 

The package insert should be read carefully to become familiar with the 
recommended dosage for the indicated conditions. CA 5 Aa 
How Supplied: Pronestyl Injection (Progaih artis Hydrochloride Injec- 
tion U.S.P.) is available in 10 ml. vials iba 100 mg. jml. sandin 2 ml, 
vials providing 500 mg./ml. 


In the presence of both liver and kidney damage, portal dosage may 
produce symptoms of overdosage — principally ventricular SASLCR EO: and 
severe hypotension. 

A syndrome resembling lupus akoma has been reported with. 
maintenance procainamide therapy. Common symptoms are polyar ralgia, A 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion. and | 
pericarditis may also occur, Rare cases of thrombocytopenia € or. Coombs- . i 
positive hemolytic anemia, possibly related to this. syndrome, have been - = 
reported. Measure anti-nuclear antibody titers at regular intervals. in patients 
on procainamide for extended periods of time or in whom symptoms ‘sug- 
gestive of lupus-like reaction appear; in event of rising titer (anti-nuclear ; anti- 
body) or clinical symptoms of LE. assess the benefit/risk ratio related. to 
continued procainamide therapy (see boxed Warning). Steroid therapy 
be effective if discontinuation of procainamide does not cause r nission A 
of symptoms. If the syndrome develops in a patient. with recurrent life- — 
threatening arrhythmias not otherwise controllable, ROIS PU cee 
therapy may be used concomitantly with procainamide. 

Adverse Reactions: Hypotension is rare. with oral administration. Serious 
disturbances of cardiac rhythm such as ventricular asystole or fibrillation 
are more common with I.V. administration. - 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. a 

A syndrome resembling lupus erythematosus has been reported ae 
Precautions). Reactions consisting of fever and chills have been reported, 
including a case with nausea, vomiting, abdominal pain, acute hepatomegaly, JA 
and a rise in serum glutamic oxaloacetic transaminase following - single — 
doses of the drug. Agranulocytosis has been occasionally reported following | 
repeated use of the drug, and deaths have occurred. Therefore, routine | 
blood counts are advisable during maintenance procainamide therapy: and - 
the patient should be instructed to report. any soreness of the mouth, throat, 
or gums, unexplained fever or any symptoms. of upper respiratory tract 4 
infection. If any of these symptoms should occur and leukocyte counts in- 
dicate cellular depression, procainamide therapy should be discontinued 
and appropriate treatment should be instituted immediately. Bitter taste, 
diarrhea, weakness, mental depression, giddiness, psychosis with hallucina- 
tions, and hypersensitivity reactions such as bi Mase eae ang 
maculopapular rash have been reported. - i; oí 

The package insert should be read. carefully] 
the recommended dosage for the indicated. Cc 
scribing information. 

How Supplied: Pronestyl Tablets Procainamidd 1 tiydrochioride 7 ab 
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 Anewrecorder to match 
the superior performance 


of the SKI Echo System. 
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The new Ekoline 21 Recorder 
brings advanced performance 
features to the SKI Echo 
System —the most outstand- 
ing system of its kind available 
today. The Ekoline 21 provides: 


B Fiber-optic strip chart re- 
cordings with maximum 
grey-scale capability, out- 
standing resolution and 
crisp definition. 


E 8"-wide paper, with space 
for four-parameter traces. 
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INTENSITY á 


mm/SEC ERES 


B Built-in latensifier, variable 
paper speed. 





B Simplified operating con- 
trols that are both complete 
and logical. 


li Compact size for easy 
portability. 


B Strip-chart paper quantity- 
level indicator. 


B Traditional SKI quality. 


With the addition of the new 
Ekoline 21 Recorder, SKI now 
offers complete system re- 
sponsibilityfor all maintenance 
and repair service. 
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If you would like more details 
about the new Ekoline 21 and 
the SKI Echo System, call or 
write: Smith Kline Instruments, 
Inc., Dept. U, 880 W. Maude 
Avenue, Sunnyvale, CA 
94086. (408) 732-6000. 
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A Subsidiary of Smithkline Corporation 





broad-range treatment... 


conversion and maintenance 
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Pacekeeper 


For the broad spectrum of cardiac arrhythmias 


RDIOQUIN 
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(quinidine polygalacturonate) £ . 
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O Greater Gl tolerance | 

O Full quinidine cardiodynamics 

O Convenient B.1.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are 
indicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 
normal sinus rhythm—whether with CARDIOQUIN 
Tablets or electroconversion—only low b.i.d. or t.i.d. 
dosage of this unique polygalacturonate salt of quinidine 
is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomach and permits dependable absorp- 
tion of the quinidine.* " 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 
tice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


` tablets in bottles of 50. 






/ 


BRIEF SUMMARY-INDICATIONS: CARDIOQUIN Tablets (quinidin: 
polygalacturonate) are indicated in the treatment of: premature atrii 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete hea 
block; maintenance therapy after electrical conversion of atrial fibri! 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses am, 
abnormal rhythms due to escape mechanisms should not be ena i 
with quinidine. WARNING: In the treatment of atrial flutter reversio 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidin: 
polygalacturonate 275 mg.) is equivalent in quinidine content to : 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosag. 
must be adjusted to individual needs, both for conversion and main 
tenance. An initial dose of 1 to 3 tablets may be used to terminat. 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythr 
is not restored after 3 or 4 equal doses, the dose may be increaset 
by V» to 1 tablet (137.5 to 275 mg.) and administered three to fou 
times before any further dosage increase. for maintenance, one 
tablet may be used two to three times a diy; geneyally one table 
morning and night will be adequate. SUPPLIED: Uncoated, score 


Purdue Frederick 


©COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 A8207 17 
E : 


